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HAEMOPROTEUS BECKER! N. SP. AND TRYPANOSOMA 
LAVERANI VAR. TOXOSTOMAE N. VAR. FROM THE BROWN 
THRASHER (TOXOSTOMA RUFUM) 
ROBERT L. ROUDABUSH AND G. ROBERT COATNEY 
From the Departments of Zoology and Entomology, Iowa State College and Peru 
State Teachers' Cotlege, Nebraska 
Accepted for publication March 13, 1935 
In September, 1934, a brown thrasher (Toxostoma rufum) was cap-
tured after having injured itself flying into the window of one of the 
college laboratories. Blood smears made from it and stained with 
Wright's showed the presence of Haemoproteus and Trypanosoma. 
Twenty-five specimens each of male and female Haemoproteus were 
were drawn with the aid of a camera-lucida and then measured by means 
of dividers. For comparison, twenty-five specimens of each sex of adult 
Haemoproteus columbae were measured in a similar manner. 
I, 
Haemoproteus beckeri n. sp.1 
(Figs. 1 and 2) 
The adult female gametocytes measured from 10.84 µ.to 13.70 µ.in total 
length and from 2.42 µ. to 3.99 µ. in width, with a mean size of 12.0 µ. by 
3.27 µ.. The parasite has rounded ends with about 50 per cent of the speci-
mens showing one end slightly broader than the other. The periphery of 
the parasite is in close contact with the host-cell membrane and in very 
close contact with the nucleus of the host cell. The contact is so close 
that the host-cell nucleus seems to lie in a groove or fold in the parasite. 
The cyptoplasm stains dark plue and has many indistinct and diffuse 
vacuoles. The pigment granules are scattered, oval to rod-shaped and 
vary in size up to 0.75 µ.by 1.50 µ. and number 4 to 11 with a mean of 8.3. 
The nucleus stains pink, is spherical to oval and is off-center, away from 
the host-cell nucleus. The mean size is 1.90µ. x 2.28µ.. 
The adult male gametocytes measured from 10.27µ. to 13.7µ. in total 
length and from 2.56µ. to 4.56,u in width with a mean size of 12.06µ. by 
3.36µ.. The ends of the parasite are rounded although not as uniformly 
smooth as the female gametocytes. About 50 per cent show one end 
broader. The parasite is in close contact with the host-cell membrane and 
the nucleus, although the contact with the latter is not so pronounced as 
with the female gametocytes. There are many indistinct and diffuse 
vacuoles. The pigment granules are in the shape of short oval rods and 
are found grouped close together at the ends of the parasite. They num-
ber from 5 to 12 with a mean of 7 .24 and vary in size up to 0. 75µ. x 1.5µ.. The 
nucleus stains light pink, is elongate-ovate to sub-rectangular and lies 
opposite the nucleus of the host cell. The mean size is 2.88µ. x 5.35µ.. 
1 We take pleasure in naming this Haemoproteus after our estimable teacher and 
friend, Dr. Elery R. Becker, of Iowa State College. 
[1] 
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It has been very difficult to decide as to the possible relationship be-
tween this Haemoproteus, from Toxostoma rufum (Linn.), and many 
other halteridia of the H. columbae type. Some that might be mentioned 
are H. orizivorae Anschiltz, 1909, from the Java sparrow, Munia orizivora; 
H. danielewskyi var. tinnunculus Wasielewski and Wiilker, 1918, in the 
kestrel, Cerchneis tinnunculus L. and H. lophortyx O'Roke, 1930, from the 
California Valley quail, Lophortyx californica Shaw. Other authors have 
described or figured many examples of Haemoproteus parasites from birds 
in all parts of the world (See papers by Mazza and his colleagues (1927-
1932) and Uegaki (1930). Only a few have been assigned specific names, 
probably because of the dual fact that many of the described species are 
hard to identify, due to the absence of good descriptions and illustrations, 
and that specific differences are hard to define. The question of host-
specificity is open to further inquiry; although, if one may generalize from 
cross-infection experiments with other blood-inhabiting protozoa, it seems 
safe to assume that a rather strict host-specificity will eventually be shown 
to obtain here. 
TABLE 1. Differential characters of three species of Haemoproteus 
Female gametocytes 
H. columbae H. lophortyx• H. beckeri 
Length and Max. 17.13µ-4.85.u. Max. 18.u-2.5µ Max. 13.7 µ-3.99µ 
width Min. 13.7 µ-2.83µ Min. 1.5µ Min. 10.8w-2.42.u. 
Mean 15.4 µ-3.67 µ Mean 12.34µ-3.27µ 
Ends Not rounded Uniform rounded Rounded 
One end not broader Nuclear end slight- About half show one 
ly broader end broader 
Parasite Close contact with Close contact with Close contact with 
membrane periphery of host periphery of host periphery of host 
cell cell cell 
Not close contact Not close contact Very close contact 
with host-cell nu- with host-cell nu- with (overlapping) 
cleus cleus host-cell nucleus 
Vacuoles Indistinct and dif- Usually present, one Many, indistinct and 
fuse the size of nucleus diffuse 
to two or more ir-
regularly distrib-
uted 
Granules Max. No. 45 Max. No. 52 Max. No. 11 
Min. No. 20 Min. No. 15 Min. No. 4 
Mean No. 33.04 Mean No. 24.25 Mean No. 8.3 
Size up to 0.75µ Size up to 0.6µ Size up to-
Spherical-scattered 0.75µ x 1.5µ. 
Short rods, scattered 
Nucleus Spherical to oval Spherical to oval Spherical to oval 
Slightly off center Central next to host- Off center, away from 
Mean size-- cell nucleus host-cell nucleus 
2.11µ x 2.3.u. Mean size-- Mean size--
1.5µ x 2.5.u. 1.9.u. x 2.28µ 
•These data from O'Roke (1930). 
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H. beckeri differs from all the described forms, and tables 1 and 2 
allow for comparison of this species with two well described forms, H. 
lophortyx O'Roke of the California valley quail and H. columbae Kruse 
of the pigeon. 
The intermediate host of H. beckeri will probably be found to be a 
hippoboscid fly, although experimental proof is lacking at present. One 
of these flies (Lynchia hirsuta Ferris) is known to be the intermediate 
host of H. lophortyx and, according to O'Roke (1930), this species has 
been taken on the California thrasher, Toxostoma redivivum redivivum. 
TABLE 2. Differential characters of three species of Haemoproteus 
Male gametocytes 
H. columbae H. lophortyx• H. beckeri 
Length and Max. 15.39µ x 4.28µ Max. 181'-2.5µ Max. 13.7 µ-4.56µ 
width Min. 11.9µ x 2.56µ Min. 1.5µ Min. 10.27 µ-2.56µ 
Mean 13.81µ x 3.19µ Mean 12.061'-3.36µ 
Ends Not rounded Uniformly rounded Rounded 
One end not broader Nuclear end slight- About half show one 
ly broader end broader 
Parasite Contact with peri- Contact with peri- Close contact with 
membrane phery of host cell phery of host cell periphery of host 
Not close contact Not close contact cell and host-cell nu-
with host-cell nu- with host-cell nu- cleus 
cleus cleus 
Vacuoles Indistinct and dif- Indistinct and dif- Many, indistinct and 
fuse fuse diffuse 
Often large one near 
one end with ring 
of granules around 
periphery 
Granules Max. No.17 Max. No. 39 Max. No.12 
Min. No. 7 Min. No.11 Min. No. 5 
Mean No. 12 Mean No. 19.6 Mean No. 7.24 
Size up to 1.5µ Size 0.2µ to 0.8µ Size up to-
Grouped close to- Spherical to rod- 0.75µ x 1.5µ 
gether at ends shaped or oval Grouped close to-
Generally spherical gether, short rods to 
oval 
Nucleus Elongate-ovate Elongate, ovate, al- Elongate-ovate to 
Mean size-- ways near one end sub-rectangular 
2.87 µ x 5.82µ of gametocyte Mean size--
Mean size-- 2.88µ x 5.35µ 
1.5µx4.5µ 
• These data from O'Roke (1930). 
Trypanosoma laverani var. toxostomae 
(Figs. 5-7) 
Trypanosoma laverani was described by Novy and MacNeal (1905) 
from a single stained specimen taken from the blood of an American gold-
finch. This specimen, it should be noted, did not have an apparent flagel-
lum. (The photomicrograph of this specimen shows two erythrocytes 
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Fig. 1. Female Gametocyte of Haemoproteus beckeri. 
Fig. 2. Male Gametocyte of H. beckeri. 
Fig. 3. Female Gametocyte of H. columbae. 
Fig. 4. Male Gametocyte of H. columbae. 
Fig. 5-7. Trypanosoma laverani var. toxostomae. 
HAEMOPROTEUS BECKER! N . SP. AND TRYPANOSOMA LAVERANI 5 
lying in such a position that they might be covering the flagellum.) To 
the description of the stained specimen was added a rather detailed de-
scription of the cultural forms found in a blood culture. 
At the same time Novy and MacNeal (1905) saw trypanosomes in the 
fresh blood of a brown thrasher (Toxostoma rufum) , but none was ob-
served on stained smears. Cultural forms of this trypanosome resembled 
those of T . laverani except that they had "a narrower posterior end and 
are narrower and more tapering, and possibly more coarsely granular." 
Agglutination was not so marked as in the cultural forms of T . laverani. 
The authors in the same paper express the opinion that the trypanosome 
from the brown thrasher is a new species. 
In the blood of the brown thrasher collected, trypanosomes were 
found only after a diligent search. With great difficulty 25 specimens 
were found and measured as described for the haemoproteus. These re-
semble very much T. laverani as described by Novy and MacNeal. The 
comparison of size between the two may be seen in table 3. 
TABLE 3. Comparison of trypanosomes from goldfinch and thrasher 
Trypanosoma 
lav erani from 
goldfinch (1) 
Posterior end to center of parabasal body 1.0µ 
Parabasal body to center of nucleus 8.0µ 
Nucleus to anterior end of body 10.0µ 
Length of body 20.0µ 
Length of flagellum 
Size of nucleus 4 x2µ 
Length of parabasal body 0.6µ 
Width of body at center of nucleus 6.0µ 
(1) Taken from Novy and MacNeal's single specimen. 
(2) Average of 25 specimens. 
Trypanosoma 
lav erani var. 
toxostomae from 
thrasher (2) 
2.68µ 
7.68µ 
8.32µ 
18.70µ 
7.90µ 
4.5 x2.3µ 
1.12µ 
6.06µ 
The trypanosome from the thrasher is broad and spindle-shaped with 
a narrow, pointed posterior end. The large nucleus is centrally located, 
with its long axis perpendicular to the long axis of the cell. In some cases 
there are one or two large vacuoles situated close to the nucleus and 
usually a small vacuole just anterior to the parabasal body. The parabasal 
body varies from nearly circular to ellipsoidal in outline, the latter being 
most frequently found, and may be situated with its long axis either per-
pendicular or parallel to the long axis of the body. 
From the description it will be seen that this trypanosome is very 
similar to T. laverani, but when the cultural forms described by Novy and 
MacNeal are considered there is a slight difference. Because of this dif-. 
ference the authors propose to designate the trypanosome from the 
thrasher T. laverani var. toxostomae n. var. 
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AN ELECTRON TUBE NUL-INSTRUMENT FOR USE WITH THE 
GLASS ELECTRODE AND A DESCRIPTION OF A RUGGED TYPE 
OF GLASS ELECTRODE 
LYLE D. GOODHUE 
From the Department of Chemistry, Iowa State College 
Accepted for publication April 11, 1935 
The difficulties encountered in the measurement of glass electrode 
potentials has encouraged the development of a number of vacuum tube 
circuits, all of which accomplish the desired purpose with varying degrees 
of satisfaction. In a previous publication1 a simple one-tube instrument 
was described which is satisfactory if the resistance of the glass electrode 
is not too great. A more sensitive instrument will be described here which 
is simple and inexpensive, embodying the advantages of a number of sets 
while it reduces the disadvantages to a minimum. The set is a simple re-
sistance coupled direct current amplifier similar to the one employing 
four vacuum tubes described by Ellis and Kiehl2. 
A condenser is used in the grid circuit of the first tube which is 
charged and discharged by an electrometer switch of special design. By 
the use of a milliameter, which takes the place of a galvanometer, the often 
troublesome drift is eliminated. The set reaches equilibrium within a few 
seconds so that measurements can be made immediately after the current 
is turned on. The precision is about 0.5 millivolts if the resistance of the 
cell being measured is not over 500 megohms. 
More than a dozen of these sets are in use at this institution and 
elsewhere, so that with increasing demand it was decided to make avail-
able a sufficiently detailed description of the outfit to enable anyone with 
a working knowledge of electricity to construct a satisfactory piece of 
apparatus. 
DETAILS OF CONSTRUCTION 
The parts listed with the wiring diagram, figure 1, can be obtained for 
a cost not exceeding twenty-five dollars from any wholesale radio supply 
house. Since the directions to follow are based on the use of these mate-
rials it is desirable to purchase the parts as specified. 
The diagram of the upper side of the panel in figure 2 and the photo-
graph of the lower side in Plate I show the position of the instruments. It 
is convenient to make a templet from stiff paper showing the exact position 
of all parts and drill all the holes through both the panel and the copper 
shield at the same time. The large holes can be cut with a circle cutter or 
sawed out. A number of holes in the copper shield will need to be made 
larger to prevent grounding of the instruments. All binding posts except 
Nos. 10and12 must be carefully insulated. The two variable resistors are 
insulated by a washer of fiber or mica. The wire leading to the center of 
the double throw switch must be very well insulated from the shield to 
1 Goodhue, Schwarte, and Fulmer, Iowa State College J. Sci. 7: 111 (1933). 
•Ellis and Kiehl, Rev. Sci. Inst. 4:131 (1933). 
[7] 
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Fig. 1- Wiring diagram and list of materials: A-To center terminal of double throw 
knife switch- B, B.---45 volt "B" batteries with tap at 22% volts; C,-To calomel 
half cell; C.---0.001 mfd. mica condenser moulded in bakelite; G-Ground; M-
Type 321 Triplett DC milliameter range 0-1 ma.; P,-Student type potentiometer; 
R,-10 ohm rheostat with off position; R.----150,000 ohm fixed resistance 1 watt 
capacity-R.---2000 ohm wirebound nontapered radio potentiometer; R.-5000 ohm 
fixed resistance 1 watt capacity; S,-Electrometer switch; S.----Toggle or jack 
switch single throw; T,-No. 30 radio vacuum tube; T...---No. 33 radio vacuum tube; 
V-Small inexpensive DC voltmeter 0-3 volts; Nos. 8, 9, etc.-Binding posts coded 
Fig. 2. 
Bakelite panel 7 x 12 x 3/ 16 inches; 1 base mounting 4-prong socket; 1 base mounting 
5-prong socket; 1 small double throw knife switch base about 1 x 2% inches; 6 
insulated binding posts marked plus; 4 marked minus; 2 pointer knobs; 100 feet 
No. 18 solid push back wire with lacquered outer braid; 1 doz. soldering lugs; 
Rosin core solder; 1 doz. round head cadmium plated machine screws 6/ 32 x 1 inch 
with nuts; 1 piece of sheet copper 6 x 11 inches; Copper gauze to line cabinet; 
Enough % inch lumber to make a box with outside measurements of 7 x 12 and 
6 inches deep. 
prevent electrical leaks. This double throw switch could be replaced by 
another well insulated switch designed to be mounted under the panel 
and operated by a knob on the top. This would be desirable in laboratories 
where the instrument is subject to corrosion. The tube sockets are 
mounted the thickness of two nuts above the shield and the negative of the 
four-prong socket is bent down and soldered to the copper, as is the H 
nearest the K on the five-prong socket. The four-prong socket is mounted 
near the electrometer switch. 
The sensitivity of the set depends on the quality of the mica con-
denser used. It should either be one sealed in oil or moulded in bakelite. 
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The condenser should be tested for leakage by applying 200 volts DC 
across the terminals and measuring the amount of current that leaks 
through by a sensitive galvanometer. A condenser is satisfactory if the 
leakage under these conditions is not over 0.01 microamperes. Condensers 
may also be tested by determining the rate at which they lose their charge. 
To eliminate body capacity effects, it is necessary to attach this condenser 
directly to the grid connection of the four-prong tube socket or to a lead 
not more than one inch long. 
The proper working of the electrometer switch is so important that 
exact details will be given for its construction. The switch, figure 3, is 
mounted on pyrex glass rods A clamped in a block of wood B which 
serves as a base for mounting on the bakelite panel P. On the end of one 
of these glass rods a brass collar C holds a piece of No. 18 platinum wire. 
The wire is soldered to the collar in such a manner that it extends out 
-01 EB 
4 
8 EB EB 
5 6 7 
8EB 
8 9 
eE:B 
12 13 
Os 
Fig. 2--External binding post connections: No. 1-To glass electrode; 3--To negative 
of Weston standard cell; 4-To calomel half cell and positive of Weston cell; 5-
To negative of 1st 45 volt "B" battery; 6--To 22% volt tap of 1st "B" battery; 
7- To positive 45 volt tap of 1st "B" battery; 8-To negative of 2nd "B" battery; 
9--To positive 45 volts of 2nd "B" battery; 10--To negative of two dry cells in 
series (3 volts); 11-To positive of two dry cells; 12--To negative of potentiometer 
and to ground; 13--To positive of potentiometer. 
Internal binding post connections: No. 2--To terminal C of the electrometer switch; 
4-To post No. 13; 5-To 150,000 ohm fixed resistance; 6--To control grid of 33 
tube; 7-To plate of 30 tube; 8-To positive of milliameter and to 2000 ohm poten-
tiometer; 9--To plate and screen grid of 33 tube; 10--To copper shield; 11-To ten 
ohm rheostat; 12--To copper shield; V-Small volt meter; M-Milliameter used as 
indicator; P-Push button used as tapping key; R1-Filament control rheostat; R,-
2000 ohm potentiometer to control milliameter; S--Switch with resistance to pro-
tect milliameter. 
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Fig. 3. Electrometer switch 
three-eighths inch in the direction of the metal strip D and forms a right 
angle with the glass rod. The other rod holds a brass strip E to which is 
fastened a piece of No. 18 piano wire. The piano wire is held by the screw 
which clamps the brass strip at F and is also soldered at G. A 180° bend 
is made in the piano wire in the direction of the other glass rod. The end 
is tipped with three-eighths inch of No. 18 platinum wire, which crosses 
the first piece of platinum wire at right angles. The metal strip D at-
tached by the bolt that holds the wood block together holds a piece of No. 
18 platinum wire at the end below and directly parallel to the piece held 
by the brass collar C. The switch now consists of three points, two parallel 
to each other and a third working between and meeting them at right 
angles. The insert figure 3 shows an enlarged side view of the points. 
The tension of the piano wire is adjusted so that the contact presses firmly 
against the point leading to the ground. When the switch is operated the 
piano wire is pulled up, making a connection with C and the wire leading 
to binding post No. 2. The clearance between the points must be very 
small. This distance can be adjusted by swinging the metal strip D until 
all are in contact and then moving it back until a faint click is heard as 
the switch is operated. This metal strip must be very rigid (about three-
eighths by one-eighth inch metal) in order to hold the point in the proper 
position. 
The sleeve for the push button I is made from a small valve stem from 
an automobile tire. The hole is drilled out so that the three-sixteenths 
inch brass rod holding the button will move freely. The lever V and sup-
port are of brass strong enough to operate the switch. The end of the lever 
is connected to a point about one inch from the bend in the piano wire 
by a piece of silk fish line S and lacquered in position. The points of the 
switch should operate about twenty times faster than the push button. 
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After mounting, the switch is connected as fol-
lows: The point held by the collar C is connected by 
a lead to the center pole of the double throw knife 
switch. This wire must be well insulated from the 
ground to prevent electrical leaks. The metal bar D 
is grounded to the shield. The metal strip E is at-
tached by a lead to the mica condenser, which is in 
turn connected to the grid of the first tube by a very 
short lead. 
After all instruments are in place the set is 
ready to wire. The order usually followed is to con-
nect the filament circuits first, then the grid and plate 
circuits afterwards. The binding posts and instru-
ments are indicated by the same symbol in both fig-
ure 1 and figure 2. The explanation following figure 
2 indicates clearly how each binding post should be 
connected. In figure 1 the copper shield takes the 
place of the negative wire from binding post No. 10 
to the toggle switch S2 and all wires leading into this 
one between these points are grounded to the shield. 
It may be necessary to use a little zinc chloride as a 
flux when soldering to the copper shield, but if this is 
done the parts where it is used must be thoroughly 
washed with water. Only rosin core solder should be 
used for all other connections. Each soldered joint 
should be tested by pulling on the wire in question. 
Binding posts Nos. 4 and 13 are connected by a wire 
under the panel. These posts are not absolutely nec-
essary, but they tend to simplify the external wir-
ing when the set is connected to the potentiometer. 
TESTING THE SET 
With the wiring now complete the set is ready 
to test. The tubes are placed in their sockets and the 
panel is placed on the box, allowing the tubes to hang 
up-side-down inside. First connect binding posts 
Nos. 10 and 11 with two dry cells in series and turn 
the rheostat slowly from its off position until the 
voltmeter reads 2 volts. If the filament circuit is con-
s 
A 
c 
L 
11 
Fig. 4-Glass elec-
tro de. A-Sealing 
wax; C-Cork ring; 
L-Level of 0.2 N 
hydrochloric acid; 
S-Silver chloride 
electrode. 
nected properly the hand of the voltmeter should come up slowly to 
two volts as the knob of the rheostat is turned. If a tube is burned out 
the hand will jump almost instantly to three volts. When the filament 
current is turned on, the hand of the milliameter should go down to the 
left. This is due to the compensating current which will balance the cur-
rent fl.owing in the plate circuit of the second tube as soon as the "B" bat-
teries are connected. While making these tests the toggle switch under 
the milliameter should be turned off to avoid damaging the instrument. 
Connect the "B" batteries, the first to binding posts Nos. 5, 6, and 7, and 
the second to posts Nos. 8 and 9. Now turn on the filament circuit and ad-
just the milliameter on the scale by turning the knob of the potentiometer. 
If the hand does not move in the direction the knob is turned the wires can 
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easily be shifted to make it do so. Since not all radio tubes are alike, the 
resistance in the plate circuit of the first tube may have to be changed in 
order that the hand of the milliameter can be brought on the scale. In any 
case, this resistance should be such that about half of the 2000 ohm poten-
tiometer is used when the hand is on the scale. This allows for fluctuations 
in the batteries as they become weaker. 
The next step is to adjust the electrometer switch so that there is no 
extraneous movement of the hand of the milliameter when the switch is 
operated. Connect the center pole of the knife switch with the negative 
binding post leading to the student potentiometer. This is a better ground 
than the negative "A" terminal, since the current flowing there may make 
a small difference in potential. Now, there should be no movement of the 
indicator when the button is pushed down. The button should be held 
firmly and moved down and up with a rapid, even motion. A slight click 
of the electrometer switch should be heard. If the indicator still moves, the 
points of the switch may have too much clearance or the tension on the 
piano wire is not enough. If the extraneous movement can not be taken 
out by adjusting the switch, another No. 30 vacuum tube should be tried. 
With some tubes it is impossible to eliminate this movement while with 
others no difficulty is encountered. 
The outfit is now ready to be hooked up to the potentiometer. One of 
the student type potentiometers manufactured by Leeds and Northrup is 
excellent for the purpose. If other types are used all open parts of the 
potentiometer circuit must be closed. If tapping keys are built into the 
potentiometer one of these must be held down or a short circuiting switch 
provided. If separate binding posts are provided for a galvanometer they 
must be connected by a wire. The photograph (PL II) shows the complete 
outfit with a standard cell in a suitable box. The large box is lined with 
copper gauze and connected to the negative terminal of the potentiometer. 
It is sometimes necessary to ground all of the shielding. 
The amount of shielding and the ground for one of these sets depends 
upon the resistance of the cell to be measured. If the cell has little or no 
resistance it can be measured with no ground or shielding, but as the re-
sistance increases the amount of shielding must increase and a good ground 
is necessary. Usually a water pipe is good enough, but if its potential is 
not constant a separate ground will have to be used. 
In measuring cells such as those containing a glass electrode it is 
sometimes observed that the hand of the indicator is unstable. Even at 
perfect balance the needle creeps to the right when the button is pressed 
down. This difficulty is encountered in very damp weather and in labora-
tories where alternating currents are too close to the outfit. This can 
easily be remedied by placing a grounded shield around the cell being 
measured and properly grounding the rest of the outfit. Usually a three-
sided shield is sufficient around the glass electrode and calomel half cell 
if any is required at all. Sometimes placing the electrodes on a piece of 
grounded sheet metal will be satisfactory. 
A MODIFIED BULB TYPE GLASS ELECTRODE 
The type of glass electrode shown in figure 4 is suitable for student 
and industrial laboratory use where a rugged electrode is required. The 
electrodes are made from 10 mm. Coming glass No .. 015. With a little 
' 
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practice anyone can make these electrodes. It is not necessary to have 
them especially thin, since the outfit just described will measure across 
a very high resistance. 
To blow the electrodes, heat a narrow part near the middle of a piece 
of the special glass about eight inches long and pull it out to a spindle. By 
breaking the spindle near the middle there is glass enough for two elec-
trodes. Next, stopper the large open end of one of the tubes. Heat the 
other end of the glass just above the shoulder of the spindle until it is soft 
and quickly blow the elongated bulb by blowing, pulling, and turning all 
at the same time. This operation is done with the tube in a vertical posi-
tion so that air currents cool the bulb evenly. The spindle is next sealed 
off and the electrode is complete. 
The electrodes are filled a little way above the bulb with 0.2 N hydro-
chloric acid and a silver chloride electrode prepared by the method of 
Brown8 is inserted and sealed at the top with sealing wax. A rubber stop-
per around the top of the electrode is used for handling and should fit a 
test tube containing dilute hydrochloric acid, where the electrodes are 
stored while not in use. If the electrodes are broken the silver chloride 
electrode on the inside can easily be melted out and introduced into a new 
glass electrode. If time does not permit the electrodes do not need to be 
soaked over night in hydrochloric acid as recommended by some authors. 
The voltage obtained may be a little different with the fresh electrode, but 
with the method to be described later all of these differences are cancelled 
out. 
DETERMINATION OF pH WITH GLASS ELECTRODE 
After standardizing the potentiometer against the standard cell, the 
knife switch is thrown to the other position to allow an unknown poten-
tial to be measured. Unless the emf. to be measured is known to within 
0.2 volts, the toggle switch protecting the milliameter should be turned 
off until approximate adjustment is made. · 
Using a saturated calomel half cell for reference, the emf. is first 
determined when the glass electrode is immersed in 0.05 molar potassium 
acid phthalate. The voltage most often obtained is about 0.150 volts. 
Measure the voltage with the glass electrode immersed in the unknown 
solution. The difference in voltage E is used in the following equation to 
calculate the pH of the solution. 
E 
pH= 3.97 -+- --
0.0591 
The sign in the equation is positive when the voltage obtained wtih the un-
known solution is higher than that obtained with the potassium acid 
phthalate solution. A set of tables can be calculated from the equation or 
they can be copied from an article by Youden and Dobroscky4• 
This method has proved to be the most convenient method to convert 
glass electrode potentials to pH readings. All changes in potential of the 
glass electrode cancel out, as do the fluctuations in voltage of the refer-
ence cell due to changes in temperature. Tables calculated from the equa-
• Brown, J. Am. Chem. Soc., 56: 646 (1934). 
' Youden and Dobroscky, Contrib. Boyce Thompson Inst., 3:347 (1931) . 
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tion using the factor 0.0591 for 25°C. are accurate enough for most pur-
poses between the temperatures of 20 and 30°C. A simple calculation 
shows that the tables are not over 0.03 pH in error at pH 10. Probably the 
glass electrode is more in error at the upper limits of the table than the 
amount due to temperature changes. 
PLATE I 
An electron tube nul-instrument for use with the glass electrode and a descrip-
tion of a rugged type of glass electrode. 
ABOVE-Photograph of the under side of the panel. 
BELOW-The complete outfit ready for operation. 
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A COMPARATIVE STUDY OF SEVERAL STRAINS OF THE 
SO-CALLED RADIOBACTER1 
F. B. SMITH AND P. E. BROWN 
From the Farm Crops and Soils Section, Iowa Agricultural Experiment Station 
Accepted for publication May 8, 1935 
The bacteria belonging to the species commonly referred to as Bacillus 
radiobacter are widely distributed in soils. They are found closely asso-
ciated with both the symbiotic and the non-symbiotic nitrogen-fixing 
bacteria. They occur frequently, therefore, in large numbers in close 
proximity to the roots of leguminous plants and in soils supporting a 
vigorous flora of Azotobacter. It has been found that additions to the 
soil of such materials as oat straw stimulate nitrate assimilation at first 
and later nitrogen fixation, and Azotobacter and radiobacter occur in 
large numbers. The frequency of the occurrence of radiobacter in soils 
and the variability of strains as emphasized by many investigators make 
it desirable to study the characteristics of a number of strains of this 
organism. 
InSTORICAL 
In a study of nitrogen-fixation in soils, Beijerinck and van Delden 
(2) observed an organism growing in close association with Azotobacter 
chroococcum. The organism was described as being a motile or non-
motile rod which did not produce endospores. The colonies were small, 
slimy, soft or viscous. Gelatin was not liquefied but old gelatin cultures 
became iridescent. Acid and gas were never produced on sugar, but the 
culture solutions were always faintly alkaline. Organic acid salts such 
as acetate, malate, citrate, and propionate were rapidly oxidized to carbon 
dioxide and water. Vigorous foaming was observed in 0.02 per cent 
KN02 bouillon which was assumed to be a result of denitrification. The 
non-motile rods were somewhat larger than the motile rods, often curved 
and frequently united into a star-like mass, which was caused by the man-
ner of cell division. However, this property of ray-formation was not 
considered a characteristic feature of the organism. The optimum tem-
perature was 25-27°C. The organism was named Bacillus radiobacter. 
LOhnis (5) isolated an organism from the soil which, in spite of some 
differences, was acknowledged by Beijerinck to be identical with B. radio-
bacter and thus there was an early indication of the variation in cultural 
and morphological characteristics of the organism. Denitrification in 
KN02 bouillon was not observed in LOhnis' work. He suggested a close 
relationship of the organism to the nodule bacteria. 
Riker et al (7) described B. radiobacter as being actively motile by 
means of a single polar flagellum. 
Lohnis and Hansen (6) stated that "numerous varieties of B. radio-
bacter could be isolated from every soil." 
1 Journal Paper No. J260 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 224. 
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It is, therefore, suggested from the literature that several species, 
or at least different strains of the organism, exist. 
EXPERIMENTAL 
The object of this investigation was to study the morphological, cul-
tural and physiological characteristics of a number of strains of B. radio-
bacter. 
Seven strains of the organism were secured from various investi-
gators2, one strain was secured from the American Type Culture Collec-
tion and 16 strains were isolated from soil by the method suggested by 
Smith (8) for the isolation and identification of B. radiobacter. Dilution 
plates were poured on glycerol-nitrate agar and colonies transferred to 
nitrate agar slants until the organism was obtained in pure culture. 
Several staining procedures were employed with varying degrees of 
success. A modification of Liefson's (4) method for demonstrating flagella 
and capsules was the most successful of the several methods used for this 
purpose. The flagella stains were made by making a suspension of the 
growth from young agar slants in a small quantity of sterile distilled water. 
After 20 to 30 minutes, a loopful of this suspension was allowed to run 
down a clean, warm slide. The mordant and stain were each allowed to 
remain on the slide 10 minutes. 
MORPHOLOGY 
All organisms were gram-negative and appeared as rods 0.3 to 0.5 
microns wide and 0.9 to 2.3 microns long. They occurred singly and in 
pairs; however, they occurred singly and in chains in hanging-drop prepar-
ations. They were all stained by the ordinary aniline dyes. All strains 
were actively motile. One to four flagella attached at the side or near the 
end of the cell appeared in most cultures, but two and three flagella were 
common. Some cells showed peripheral staining with the flagella at-
tached to one end while others appeared as deeply stained rods with a dis-
tinct capsule. Many small oval-shaped cells appeared with a single flagel-
lum. The same variations appeared in all strains, figure 1. 
CULTURAL AND BIOCHEMICAL FEATURES 
Glycerol-nitrate-agar colonies: The colonies were raised, glistening, 
smooth, with white center and transparent edge. In strain 36 the cells of 
some colonies appeared to be united in a star-like mass which gave the 
appearance of rays extending from the center of the colony. This is the 
only instance ray-formation was observed. Colonies of strain 36 had a 
tendency to flatten out after 4 to 6 days, while colonies of strain 4718 were 
spherical or drop-like and had no tendency to spread out flat. Both types 
of colonies were found in all other strains. The white center often ap-
peared as concentric rings, especially in strains of 4, 38, 130, 3, 1000, 22 
and 131. 
. •Strains 1 and 4, courtesy Dr. Roy Hansen, Urbana, Illinois; 14, Dr. J. K. Wilson, 
Ithaca, N. Y.; 36 and 188, Mr. N. R. Smith, Bureau of Chemistry and Soils, Washing-
ton, D. C.; 1000 and 1018, Dr. I. L. Baldwin, University of Wisconsin, Madison, Wis.; 
4718, American Type Culture Collection, Chicago, Ill.; 130, 131, 20, 21, 3, 6, 7, 8, 9, 10, 
11, 120, 121, 13, 22, and 38, isolated from various Iowa soils. 
COMPARATIVE STUDY OF STRAINS OF RADIOBACTER 19 
4 14 
lff 1000 
130 
'1,31 lO 
., 
'I 
10 •I 1'2.0 
U.1 
Fig. 1. B. radiobacter, 24-hour old cultures at 
28° C., showing flagella. 
20 F. B. SMITH AND P. E. BROWN 
Glycerol-nitrate-agar slants: Growth was abundant, raised, smooth, 
glistening and transparent in young cultures, whereas old cultures be-
came granular and opalescent. Old cultures of strain 36 became dry and 
opaque. Old cultures of strain 188 were opaque and gelatinous. Old cul-
tures of all strains were brownish and granular. 
Potato: Scanty and brown. 
Broth: Cloudy. Sediment and a pellicle were formed after 7 days. 
Milk: Brown, except with strain 36, which was variable, and strain 22, 
which produced no change in color after 3 weeks. 
Litmus-lactose agar: Reduced, except by strain 36. 
Gelatin: Not liquefied. 
Starch: Not hydrolyzed. 
Indol: Negative. 
Acetyl-methyl-carbinol: Negative. 
Hydrogen sulfide: Negative. 
Nitrate: Disappeared (reduced or assimilated). 
Reaction: Abundant growth on glycerol-nitrate agar was observed over 
range of pH 4.5 to 9.5. 
FERMENTATIONS 
Cultures were inoculated in triplicate on agar slants to determine the 
fermentation characteristics. The medium contained: 
K2HP04 
NaN Os 
Organic carbon compound3 
Agar 
Brom-thymol blue, 0.5 per cent 
1.0 
1.0 
1.0 
10.0 
gram 
" 
" 
" 
alcoholic solution 5.0 c.c. 
Distilled water 1000 c.c. 
Reaction adjusted to pH= 6.9 to 7.0 
The medium was made according to the procedure suggested by Bald-
win and Fred (1). The cultures were incubated at 27-28°C. and readings 
made after 3, 6, 17 and 28 days. 
Good growth was made on all of the carbon compounds used in the 
fermentation studies. Cultures of strains 1000 and 1018 sometimes pro-
duced a slightly acid reaction in sodium citrate and potassium tartrate 
after 3 days, but the reaction was usually alkaline after 6 or 17 days. A 
slight to strongly acid reaction was developed by some strains, but the 
reaction produced by many strains was strongly basic to brom-thymol 
blue. Where the reaction change was only slightly acid to brom-thymol 
blue, the reaction of duplicate cultures was often basic. The test was re-
peated and similar results were obtained. 
Quantitative tests on the utilization of carbon compounds shows 
these organisms to be very efficient in the utilization of dextrose. One 
•The following compounds were used as sources of carbon: dextrose, d-mannose, 
levulose, galactose, arabinose, xylose, rhamnose, maltose, lactose, sucrose, trehalose, 
raffinose, starch, dextrin, mannitol, glycerol, inulin, salicin, dulcitol, sodium formate, 
sodium citrate, sodium malate, sodium succinate, sodium lactate and potassium tar-
trate. 
TABLE 1. The pH of media after five days incubation at 28°C. 
Cul- Arabi- Rham- Dex- I ~vu- Galac-
ture nose nose trose lose tose 
uc- Lac- Dex- Inu- Sall- Man-
rose tose Starch trin lin cin nitol 
s 
Control 6.47 6.46 6.69 6.01 6.49 6.69 6.58 6.87 6.68 6.40 6.72 6.68 
1 7.13 7.18 7.85 6.90 7.12 7.02 7.32 7.30 7.52 7.66 7.29 7.57 
4 7.20 6.96 7.47 7.07 7.02 7.11 7.24 7.19 7.60 7.63 7.15 7.47 
14 6.43 6.43 7.58 6.51 6.68 6.38 6.59 6.88 6.98 7.03 6.74 6.80 
36 G.66 6.13 6.97 6.36 6.71 6.30 6.62 6.76 6.91 7.28 6.55 6.66 
188 5.96 6.43 7.77 5.34 6.56 5.43 6.88 6.64 7.40 6.99 6.70 5.75 
1000 6.46 6.63 7.02 6.11 6.51 6.44 5.70 6.74 6.83 7.62 7.21 6.49 
1018 7.17 7.05 7.69 6.81 6.99 7.01 7.03 7.02 7.02 7.59 7.23 7.44 
4718 7.16 7.34 7.64 7.01 7.00 7.01 7.12 7.25 7.33 7.60 7.20 7.50 
20 7.11 7.02 7.79 6.95 6.70 6.93 7.17 7.25 7.25 7.19 6.58 7.34 
21 7.15 6.48 7.80 7.05 6.73 6.92 6.89 7.36 7.29 7.43 6.56 7.31 
3 6.58 7.05 7.06 6.34 6.73 6.84 7.05 7.04 6.88 7.00 6.76 6.80 
6 6.57 6.66 6.82 6.55 6.71 6.46 6.34 6.99 6.88 7.36 6.83 6.56 
7 6.82 6.63 7.80 6.56 6.84 6.66 7.08 7.32 7.30 7.65 6.90 7.23 
8 6.78 6.48 7.86 6.85 6.51 6.82 7.16 7.25 7.32 7.64 6.90 7.27 
9 6.69 6.58 6.92 6.33 6.60 6.60 5.99 6.83 6.96 7.45 6.80 6.62 
10 6.98 7.33 7.70 6.96 6.86 6.76 7.16 7.12 7.08 7.58 7.08 7.37 
11 6.52 6.66 7.08 6.40 6.56 6.53 6.02 6.62 6.93 7.62 6.90 6.63 
120 6.97 6.16 7.95 6.93 6.79 6.93 7.09 7.29 7.14 7.54 7.02 7.33 
121 7.07 7.14 7.80 6.85 7.00 6.68 6.57 7.22 7.23 7.60 6.96 7.34 
13 7.01 7.11 6.96 6.92 7.07 6.97 6.94 6.97 7.04 7.62 6.92 7.35 
130 6.71 7.15 7.66 6.61 6.61 6.56 7.27 7.10 7.46 7.71 7.01 7.06 
131 6.87 7.10 7.60 6.85 6.67 6.72 7.09 7.00 7.12 7.66 7.12 7.20 
22 6.71 7.17 6.93 6.84 6.69 6.19 6.84 6.87 7.24 7.53 6.94 7.12 
38 6.64 7.35 7.32 6.76 6.82 6.50 7.08 7.01 7.40 7.62 6.96 7.23 
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hundred c.c. of a medium containing 40.0 mgm. of carbon as dextrose were 
inoculated and incubated for 5 days at 28°C. Carbon dioxide evolution 
was determined after 3, 4 and 5 days. The numbers of organisms and the 
amount of dextrose remaining in the solution were also determined at the 
3, 4 and 5-day periods. The data showed that after 5 days there were 0.69 
mgm. of carbon as dextrose left in the culture, 35.61 mgm. carbon as 
carbon dioxide had been evolved, leaving 3.7 mgm. carbon unaccounted 
for. There was an increase of 80 billion organisms in the culture during 
the 5 days. From these data it is apparent that there was not much dex-
trose left for acid production. 
Another fermentation test was made similar to the first one described, 
except that the organisms were grown in a solution culture medium and 
the reaction was determined electrometrically. Potassium di-hydrogen 
phosphate was used instead of the di-potassium phosphate and the amount 
of KH2P04 was also decreased in order to decrease the buffer capacity of 
the medium. The medium employed contained: 
KH2P04 
MgS04 
NaN03 
Carbon compound4 
Distilled water 
0.1 gram 
0.1 " 
1.0 " 
1.0 " 
1.0 liter 
Triplicate tubes of each medium were inoculated, incubated 5 days 
at 28°C. and the pH determinations made. The data obtained are pre-
sented in table 1 and represent the averages of closely agreeing duplicates. 
TABLE 2. The pH change in media by strains of B. radiobacter producing acid 
reaction 
Organ-
Carbon compound 
ism Arabi- Rham- Levu- Sue- Lac- Starch Sali- Man-
nose nose lose rose tose cin nitol 
188 0.51 - 0.67 1.26 - 0.23 - 0.93 
36 - 0.33 - 0.39 - 0.11 0.17 -
120 - 0.30 - - - - - -
1000 - - - 0.25 0.88 0.13 - 0.19 
11 - - - 0.16 0.56 0.25 - -
20 - - - - - - 0.14 -
21 - - - - - - 0.16 -
6 
- - -
0.23 0.24 - - 0.12 
22 - - - 0.50 - - - -
14 - - - 0.31 - - - -
7 - - - 0.03 - - - -
9 - - - 0.09 0.59 - - -
121 - - - 0.01 0.01 - - -
130 - - - 0.13 - - - -
38 - - - 0.19 - - - -
•The carbon compounds used were arabinose, rhamnose, dextrose, levulose, galac-
tose, sucrose, lactose, starch, dextrin, inulin, salicin and mannitol. 
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The data show that in most cases the medium was more basic after 
inoculation and incubation than the controls. In a few cases the medium 
in the inoculated tubes was slightly more acid than the controls. The 
organisms producing acid and the pH change for the different carbon 
compounds are shown in table 2. 
The data show that the pH changes on the acid side of the control are 
relatively few in number and only slight, except for strain 188, where 
there was a pH change of 1.26 for sucrose, 0.51 for arabinose, 0.67 for 
levulose, 0.23 for starch and 0.93 for mannitol. 
Another test was made to determine the reaction changes in dextrose 
and sucrose media of the same composition as that used in the preceding 
experiment except that (NH4) 2S04 and NH4N03 were used as sources 
TABLE 3. Effect of nitrogen source on pH change in dextrose and sucrose media by 
B . radiobacter 
Dextrose Sucrose 
Organism 
(NH,) ,SO, NH,NO, (NH,) ,SO, NH.NO, 
Control 5.23 5.07 4.82 4.98 
188 4.51 4.53 4.82 4.98 
4718 5.00 5.31 5.82 7.23 
of nitrogen. Triplicate tubes of the different media were inoculated with 
strains of 188 and 4718 and incubated at 28°C. for 5 days. The pH of the 
inoculated and control cultures were determined electrometrically as in 
the preceding experiment. The data obtained are presented in table 3. 
Strain 188 produced a slight acidity in the dextrose media over that 
of the control, but the change was not quite as large in the NH4N03 me-
dium as in the (NH4) 2S04 medium. Good growth was obtained with 
strain 188 in the sucrose media, but no change in reaction was produced. 
Strain 4718 produced a slight acidity in the dextrose (NH4) 2S04 medium, 
but the reaction of the dextrose NH4N03 medium was made slightly more 
basic than the control. Strain 4718 produced no change in the reaction of 
the sucrose (NH4) 2S04 medium, but the reaction of the sucrose NH4N03 
medium was made strongly basic relative to that of the control. 
DISCUSSION 
Considerable variation in the size and shape occurred among the cells 
of a single strain, but the cells of the various strains varied similarly. 
Certain parts of the cell stained intensely while other parts of the cell did 
not stain at all. In some cells the entire contents of the cell stained evenly 
and in others one or two bodies stained deeply or the center and cell wall 
only took the stain. However, no consistent differences between strains 
were observed and no differentiation microscopically could be made. · 
There was considerable variation in the appearance of colonies of 
single cultures, but the types of colonies were common to all strains. On 
glycerol-nitrate-agar slants old cultures of strain 36 appeared dry and 
rough, young cultures of strain 4 718 appeared somewhat more granular 
than other strains. Different shades of brown in young milk cultures were 
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often obtained, but after 3 weeks all strains, except No. 22, were dark 
reddish-brown and produced a small amount of serum which was also 
dark reddish-brown in color. Growth in broth was similar in all strains. 
Since the variations noted were common to all strains, no differentiation 
of the various strains by cultural features could be made. 
Good growth was made on all of the carbon compounds used in the 
fermentation studies. The media were usually made alkaline to brom-
thymol blue, but a slightly acid reaction was sometimes developed, which 
later changed to alkaline. Quantitative studies on the utilization of dex-
trose by strain 4718 indicated a low acid production and a rather complete 
fermentation of the sugar. The assimilation of the nitrate-nitrogen or the 
reduction of the nitrate produced an alkaline reaction when NaN03 or 
NH4N03 were used as the source of nitrogen. Even in a medium of low 
buffer capacity with (NH4 ) 2804 as the source of nitrogen, the use of in-
dicators to denote fermentation by B. radiobacter is, as Conn and Darrow 
(3) have pointed out, a procedure which requires caution. 
When NaN03 was used as the source of nitrogen, 12 of the 24 strains 
produced a slight to strongly acid reaction in sucrose, but all strains in-
creased the pH of the dextrose medium. The sucrose was undoubtedly 
less completely oxidized than the dextrose. The pH of the media was in-
creased over that of the control by all strains in dextrose, galactose, dextrin 
and inulin; and in levulose by all strains, except strain 188. No consider-
able acid production was evidenced by any of the strains, except possibly 
that of strain 188, and no differentiation of the various strains on the basis 
of fermentation reactions could be made. 
The results of these studies seem to indicate that these strains are 
all of one species of bacteria. The variations which occur in the morpho-
logical, cultural, and physiological characteristics, while possibly greater 
than in certain other species of bacteria, are not great enough to differ-
entiate the strains into groups and the inference that several species are 
represented seems unwarranted. 
SUMMARY AND CONCLUSIONS 
Eight strains of the so-called radiobacter were secured from various 
laboratories in the United States and 16 were isolated from Iowa soils. 
Studies on the morphological, cultural, and physiological characteristics 
were made. No differences great enough to differentiate species were ob-
tained and it was concluded that all cultures represent a single species. 
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The proper estimation of codling moth (Carpocapsa pomonella L.) 
field populations as a means of evaluating spraying experiments has al-
ways presented a serious obstacle to be overcome in the testing of spray 
materials. A survey of the literature discloses the rather startling fact 
that among the many workers experimenting along these lines there is 
little or no agreement in their approach to this rather essential phase of 
the work. These differences in technique indicate that some of the conclu-
sions reached may be based on an unnecessary redundancy of data, or per-
haps still more commonly, on insufficient or improperly analyzed data. 
Theoretically, one should be able to lay out a carefully planned series 
of plots, and by reducing and eliminating variables, and applying statis-
tical analysis to a complete set of plot and tree samples and subsamples, 
arrive at (1) valid estimates of treatment effect, (2) an estimate of ex-
perimental error, and (3) adequate tests of experimental technique. 
With these objectives in mind such an attempt was made during the 
summer of 1934. On an apparently homogeneous block of 96 Ben Davis 
trees in an orchard at Mitchellville, Iowa, four tests, A, B, C and D, were 
quadruplicated in 16 six-tree plots in the familiar Latin square arrange-
ment. All trees received a calyx spray of lead arsenate and five cover 
sprays of their respective test schedules during the season. Test A was a 
check plot and was sprayed throughout the season with lead arsenate at 
three pounds to 100 gallons. Test B received calcium arsenate at the same 
rate with one pound of ferrous sulfate and two pounds of hydrated lime 
added to each 100 gallons to act as a buffer to prevent arsenical burning. 
Three pounds of manganese arsenate with one quart of fish oil as an ad-
hesive were used to each 100 gallons on test C. For the first three cover 
sprays Test D was sprayed with lead arsenate as in Test A, but the fourth 
and fifth cover sprays consisted of one per cent mineral oil emulsion and 
nicotine sulfate at the rate of one pint per 100 gallons. 
At harvest the total crop was counted on each of three trees per plot. 
These trees were selected from the six trees on the basis of uniformity in 
crop size and general conformation to average appearance. It seemed to 
the authors that the number of stings, number of worms per fruit, and the 
percentage infestation of dropped fruit, would not only be directly pro-
portional to the percentage of wormy fruit at harvest, but would also tend 
to make unnecessarily more complicated an already involved situation. 
The actual record, therefore, was made of numbers of wormy fruits in 
successive lots of ten apples. This method has several advantages from 
1 Journal Paper No. J261 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 389. 
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the standpoint of facilitating statistical analyses. First, it makes possible 
th selection of any number of subsamples of any desired size, limited 
only by the size of the total crop of that particular tree. Second, since the 
order of counting the successive lots of 10 apples was preserved, it be-
came possible by selecting random samples of 10 fruits or by using lots 
consisting of several hundred successively counted fruits, to arrive at an 
idea of the importance of random selection of tree subsamples. It should 
be explained that in examining the harvest crop, the fruit was left in 
boxes under the previously marked trees. The examining crew then be-
gan counting box by box at the end of the row, continuing until all the 
fruit had been examined. 
Following is a sample record of one tree as preserved for future 
analysis. 
TABLE 1. Total count at harvest on sample tree, Oct. 16-19, 1934 
Plot A-Row 3---Tree 2 
Clark Orchard, Mitchellville, Iowa 
Number of wormy apples in a sample of 10 
4,5,3,4,2,4,5,4,5,3, 
3,1,3,4,6,6,3,3,5,1, 
5,7 ,4,4,4,3,5,1,2,4, 
3,5,4,6,2,3,5,4,3,4, 
4,3,5,5,3,5,3,4,4,7' 
Total wormy-556 
6,4,2,3,4,5,4,2,6,6, 
2,4,5,5,4,4,4,2,4, 7' 
2,3,3,4,4,2,1,3,3,2, 
3,3,5,7 ,3,4,5,9,5, 7' 
4,3,2,4,3,4,5,7 ,4,3, 
5,3,5,6,3,3,2,2,5,2, 
4,3,2,2,7 ,6,4,5,2,2, 
6,5,3,3,0,3,4,4,5,3, 
4,2,3,5,6,7 ,4,3,4,6, 
5,3, 
Total fruit-1420 Percentage wormy-39.15 5 bushels 
A brief survey of these figures shows several things. The 142 lots of 
10 apples contain from none to nine wormy fruits. Lots of 50 apples are 
from 22 per cent to 60 per cent wormy, whereas, lots of 100 vary from 27 
per cent to 51 per cent wormy. This sequence of decreasing ranges fol-
lows roughly the law of normal distribution. 
In making an analysis of variance it is desirable that each datum be 
on the same basis. It is not convenient, then, to use the actual number 
of wormy apples on each tree in the analysis, since the trees yielded dif-
ferent sizes of crops. If one desires to use actual numbers of wormy fruit 
one should select samples of uniform size from each tree. If, on the other 
hand, the complete crop is to be evaluated, the percentage of wormy fruit 
may be used. The results of three analyses of variance will be presented 
in this paper. The first analysis (table 3) is the one which yields the most 
significant information and is based upon 30 randomly selected lots of 
ten apples from each count tree. The second analysis (table 4) is based 
on 30 consecutive lots of ten apples from each count tree. The third 
analysis (table 5) is based on the percentage of wormy fruit in the total 
crop of each count tree and therefore could not include tree subsamples. 
Involved in the first analysis (based on 30 randomly selected lots of 
ten apples from each tree) were 48 trees arranged in 16 three-tree plots. 
These 16 plots were arranged in a Latin square of four rows and four 
ranks. The four tests, A, B, C and D, were assigned to the 16 plots in such 
a way that a test occurred only once in each row and rank. Each test con-
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sisted of 12 trees quadruplicated in three-tree plots, making a total of 360 
lots of 10 apples for each test and a grand total of 1440 samples for the 
entire analysis. In table 2 the thirty subsamples for each tree have been 
summed and entered in the 48 cells of the accompanying table. 
TABLE 2. Number of wormy apples in 30 random lots of 10 apples in each of 3 trees 
in each of 4 tests 
Rank 1 
Rank 2 
Rank 3 
Rank 4 
Total 
Test totals 
Row 1 
c 
156 
92 
119 
-
367 
A 
167 
166 
150 
-
483 
B 
94 
137 
95 
-
326 
D 
68 
136 
164 
-
368 
1544 
Test A 
1801 
Test means 50.03% 
(percentage wormy) 
Row 2 
B 
188 
169 
138 
-
495 
D 
63 
61 
63 
--
187 
c 
152 
141 
113 
-
406 
A 
165 
166 
160 
--
491 
1579 
Test B 
1863 
51.75% 
Row 3 
A 
124 
182 
153 
-
459 
B 
143 
142 
136 
-
421 
D 
114 
116 
36 
-
266 
c 
101 
109 
136 
-
346 
1492 
Row 4 
D 
101 
109 
115 
-
325 
c 
161 
165 
140 
-
466 
A 
122 
127 
119 
-
368 
B 
199 
216 
206 
-
621 
1780 
Test C 
1585 
44.03% 
Total 
1646 
1557 
1366 
1826 
6395 
Test D 
1146 
31.83% 
The anaylsis of variance was calculated according to the methods outlined 
by Fisher2 and Snedecor8 • 
In analyzing the variance between the different plots, it becomes ap-
parent that not all the variation is due to differences in rank or row or 
even between tests. The mean square of this residue is denoted as experi-
mental error. In order for differences to be significant, their mean squares 
must be several times larger than the ex erimental error, the exact ratio 
(F) depending on the number of observations or replications (degrees of 
•Fisher, R. A Statistical methods for research workers. Oliver & Boyt, Edin-
burgh. Fourth edition (1933). 
• Snedecor, George W. Calculation and interpretation of Analysis of Variance and 
Covariance. Collegiate Press, Inc., Ames, Iowa. (1934). 
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TABLE 3. Analysis of variance of number of wormy fruits in 30 random plots of ten 
apples each 
Degrees Sum 
Source of of of Mean Standard 
Type of analysis variation freedom squares square deviation 
Analysis of variance Total 1439 6845.7 4.758 2.18 
between plots Between tests 3 881.2 293.7 
Between rows 3 136.0 45.33 
Between ranks 3 308.7 102.9 
Remainder, error 6 475.9 79.33 
Analysis of variance Between trees in 
within plots the same plot 32 2388.9 74.63 
Within trees 1392 2655.0 1.907 1.38 
-- --
Total within plots 1424 5043.9 3.543 1.88 
freedom) . Such tests of significance showed that, in this particular ex-
periment at least, position in row or rank contributed no more variation 
than would be expected from random variation, indicating that the 12 trees 
per test might have been chosen in solid unreplicated blocks. Unless the 
tests had been replicated, however, we would have had no assurance of 
this apparent fact. The F value between tests is 3.7 (293.7/ 79.33), which 
is very close to the five per cent point of significance. This apparent lack 
of significant differences between tests is very interesting when we recall 
that the maximum difference, that between test B and test D , was 51.75 
per cent minus 31.83 per cent or nearly 20 units. We must conclude, how-
ever, that because of the large experimental error and small number of 
degrees of freedom we cannot be entirely certain that this difference of 20 
units is not a freak of variation instead of a real difference in treatments. 
It will be shown later in this paper that with a more refined analysis sig-
nificant differences do exist in effects of tests, even though they cannot be 
shown as differences in actual percentage of wormy fruit. 
TABLE 4. Analysis of variance of number of wormy fruits in 30 consecutive lots of 
10 apples each 
Degrees Sum 
Source of of of Mean Standard 
Type of analysis variation freedom squares square deviation 
Analysis of variance Total 1439 7162.7 4.978 2.23 
between plots Between tests 3 837.0 279.0 
Between rows 3 337.1 112.4 
Between ranks 3 501.6 167.2 
Remainder, error 6 643.7 107.3 
Analysis of variance Between trees in 
within plots the same plot 32 3692.3 115.4 
Within trees 1392 1151.0 .827 .91 
-- - -
Total within plots 1424 4843.3 3.401 1.85 
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Table 4 shows an analysis of the same trees used in table 2, but is 
based on subsamples selected consecutively instead of at random. The 
chief difference between this and the previous analysis is the larger mean 
square attributed to experimental error in table 4. The reason for the 
greater error of the consecutive selections becomes apparent if one under-
stands the method generally used in picking and examining the fruit. It is 
customary in most sections for the pickers to fill their bags at one place on 
a tree, possibly from the ground, a ladder, or on the inside of the tree. A 
picking bag may sometimes hold a bushel of fruit, and of course would be 
emptied into one box or basket. If, then, the examiner counted 300 apples 
from two baskets, both of which had been filled with fruit from the ground 
or the inside of a tree, he would probably find comparatively few wormy 
fruit. If, at the next tree, 300 fruits were counted, all of which were picked 
from the top of the tree where there was an unusually high percentage of 
wormy fruit, his counts would have shown a large difference in worminess 
between the two trees, whereas, if random samples had been examined 
they would probably have shown correctly that the two trees were about 
equally wormy. As one would expect, then, table 4 shows a much less 
significant difference between tests. Perhaps it should be pointed out that 
the latter method is inefficient not because the experimental error is 
large, for under special cases the error might actually be smaller than if 
random samples had been used. The real objection to consecutive samples 
is that they do not measure the population as accurately as random 
samples. 
TABLE 5. Analysis of variance of percentage of wormy fruit in 48 trees 
Degrees of Sum of 
Source of variation freedom Squares Mean squares 
Total 47 9601.9 204.3 
Between tests 3 3552.1 1184.0 
Between rows 3 569.4 189.7 
Between ranks 3 1089.1 362.8 
Remainder 6 1998.0 332.8 
Within plots 32 2393.3 74.8 
The third analysis (table 5) is based on the percentage of wormy fruit 
in the total crop of each count tree and therefore could not include tree 
subsamples. Since with this type of analysis we have no way of obtaining 
any idea of the variation within the tree it is the least valuable of the three 
from the standpoint of studying technique, although it will show test dif-
ferences as well as, if not slightly better than, the use of random tree sub-
samples. The doubtful advantage of the added numbers, however, is 
clearly not worth the increased labor involved in obtaining them. 
Table 6 is a tabulation showing the effects of the four spray schedules 
evaluated in four different ways. The F value is directly proportional to 
the significance of the difference between test means. 
Returning to table 3 one notices from the standard deviations that a 
certain amount of variation is present within each tree, or within each 
group of 30 subsamples. The standard deviation between subsamples of a 
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TABLE 6. Mean percentage of wormy fruit based on different types of data 
Average percentage wormy 
Type of data from each tree F A B c D 
30 random lots of 10 fruits each 3.7 50 52 44 32 
30 consecutive lots of 10 fruits each 2.6 50 52 45 33 
Complete counts (unweighted means*) 3.6 52 53 45 31 
Complete counts (weighted means) .... 52 42 48 29 
• Unweighted means were calculated by averaging the twelve tree-percentages 
(although based on crops of varying size) . Weighted means were calculated by divid-
ing total wormy fruit on the twelve trees by the total crop on the same trees. 
single tree is 1.38; between the 90 subsamples of a plot it increases to 1.88, 
and between the total of 1440 subsamples it is 2.18 wormy fruits per 10 
apples. The highest standard deviation (2.18) is made up of several types 
of variation. By analysis of variance procedure, the row, rank and test 
differences were isolated, but of the remaining unexplained variation, 
the fractions due to within tree variation, between tree variation, and be-
tween plot variation have not been adequately separated. The problem 
then becomes one of deriving these ratios by additional analysis. 
The variation unaccounted for by test, row and rank mean squares is 
79.33. This variation is made up of tree and sample variations as well as 
unaccountable plot variation. One may assume, 
A= Plot variation 
B = Tree variation 
C =Sample variation 
Since there are 30 samples per tree and three trees per plot, we must 
multiply B or the tree variation by 30, and the A or plot variation by 
3 X 30, to make them comparable to the sample variation. Then, 
79.33 = 90A + 30B + C 
But B or the tree variation is influenced by the variation within trees. 
So, if C = 1.907, the mean square of the variation between trees, but 
within plots, 
7 4.63 = 30B + 1.907 
B= 2.424 
Then, 79.33 = 90A + (30 X 2.424) + 1.907 
And we have, finally, 
Plot variation (A) = 0.031 
'I'ree variation (B) = 2.424 
Sample variation (C) = 1.907 
It should be borne in mind that these values of A, B and C are not actual 
differences, but mathematical functions facilitating theoretical com-
parisons. 
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From our values of A, Band C we conclude (A) that comparatively 
insignificant benefit would be gained by greater plot replication; (B) that 
we can reduce experimental error most efficiently by increasing the num-
ber of trees in the test, and (C) somewhat less by using more than thirty 
10-apple samples from each tree. 
An attempt has been made in this experiment to control or record all 
the factors possible that might affect worminess in a certain tree. It has 
long been supposed that a tree with a small crop will tend toward a heavy 
percentage of wormy fruit. If this hypothesis were true those tests ap-
plied to trees with small crops might appear unusually and erroneously 
ineffective. Analysis of covariance not only furnishes a means of testing 
the validity of this hypothesis, but also of evaluating treatment effects 
with this correlation considered. 
TABLE 7. Number of apples/ 10 and percentage wormy on 48 trees in 4 tests of 12 
trees each 
Test A B c D 
No. No. No. No. 
Wormy apples Wormy apples Wormy apples Wormy apples 
10 10 10 10 
64 175 74 246 59 82 52 153 
61 213 73 156 58 60 45 146 
57 292 71 124 56 111 38 112 
12 57 208 61 95 53 215 37 256 
trees 56 106 58 105 50 139 37 176 
54 219 51 151 46 149 36 115 
54 39 48 43 43 200 34 75 
53 56 47 70 42 241 24 372 
48 261 46 45 40 177 22 256 
42 176 42 311 38 231 22 177 
39 142 33 84 30 257 20 276 
38 105 31 69 27 399 14 208 
Sum 623 1,992 635 1,499 542 2,261 381 2,322 
Sum of 
squares 33,125 398,662 35,975 260,391 25,692 518,413 13,503 527,320 
Sum of 
products 104,977 83,379 92,796 68,342 
Grand Sum of pctg. wormy = 2,181 Sum of squares of pctg. wormy= 108,295 
totals Sum of no. apples = 8,074 Sum of squares of no. apples =1,704,786 
Sum of products = 349,489 
A superficial examination of the above table shows that although 
there are many exceptions, the general tendency is for the percentage of 
wormy fruits per tree to increase as the number of apples decreases. 
By reference to table 8 we find that the correlation between totals 
is barely significant and that between tests not significant, but that the 
correlation within tests (in which we are particularly interested) is highly 
so. Trees wtih small crops actually do tend to be unusually wormy, al-
though the correlation between worminess and crop size is small when 
the tests are considered as units. 
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TABLE 8. Analysis of variance and covariance, percentage wormy and number of 
fruits/10 on 48 trees in 4 tests of 12 trees each 
Mean Mean 
Degrees square square Covariance 
Source of of Pctg. number Sum of Re-
variation freedom wormy fruits/ 10 products r gression 
Total 47 195.8 7524.9 -17373.4 - .309 -.050 
Between tests 3 1141.3 11708.4 - 8278.2 -.265 -.235 
-
Within tests 44 131.2 7080.6 - 9095.2 -.605 -.029 
It has been shown by this analysis of covariance that crop size has a 
very definite effect on percentage of wormy fruit. If one examines the 
figures in table 7 it becomes apparent that for some unknown reason, those 
tests which yielded the smallest percentage of wormy fruit actually were 
applied to plots bearing the heaviest crops. The problem now resolves 
itself into the necessity of evaluating the different tests with the crop 
size taken into consideration. An anaylsis of the variance of the sums of 
squares of the errors of estimate of worminess from crop size gives us 
a method of doing this. It can be shown that the sum of squares of the 
errors of estimate are equal to C - (B2/ A) where C = lwormy2, B = 
lcrop2 and B = l (wormy X crop). The various sums of squares can be 
read or calculated from table 8. 
TABLE 9. Analysis of variance of sum of squares of errors of estimate of percentage 
of wormy fruit from number of fruit on tree 
Degrees 
Source of of Sum of squares of 
variation freedom errors of estimate Mean square 
Total 46 8349.2 181.5 
Between tests 2 1473.0 736.5 
Within tests 43 5507.3 128.1 
-- - --
Difference 1 1368.9 1368.9 
The analysis in table 9 tells us that since the mean square error of 
estimate between tests is 5. 7 4 (or F) times as large as its experimental er-
ror (in this case, within test mean square), we conclude that when size of 
crop is considered, there actually is a significant difference between the 
effects of the various spray schedules. In this particular experiment, 
then, the four tests did not have a significantly different worm infestation, 
but did differ significantly in the amount of reduction of worm population 
from that expected from the four different sizes of crops. A second conclu-
sion demonstrated by table 9 is that, due to the large difference between 
the total sum of squares and that attributed to sums of squares between 
and within test, it becomes apparent that the dependence of worminess 
upon crop size is significantly different between tests from the regression 
within tests. 
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Approximate tests of individual differences show that Test D (re-
ceiving oil-nicotine in second brood sprays) is significantly better than 
A and B, and questionably better than C. 
SUMMARY 
An experimental design is described whose fundamental purpose was 
to enable the authors to test the technique of sampling and general plot 
design. 
The total crop was counted, worminess being recorded from succes-
sive samples of 10 fruits each. From these series of figures three sets of 
samples were selected and several analyses of variance were made to 
test the efficiency of the various methods of sampling. It was concluded 
that random selection of 300 apples gave an adequate picture of tree in-
festation. 
A negative correlation ( - .605) was shown to exist between crop 
size and percentage of wormy apples on individual trees. The correlation 
between crop size and worminess on 12-tree tests was significantly smaller 
(- .265). 
Although no significant differences were directly demonstrable be-
tween the four tests, when the crop size was considered analysis of vari-
ance of the errors of estimate showed significant differences to exist, the 
test receiving oil-nicotine in the second brood sprays being definitely 
better than calcium or lead arsenate, and questionably better than man-
ganese arsenate. 
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The formation of gas is one of the more common defects of sweetened 
condensed milk. Although Rogers and Clemmer (6) found that an organ-
ism belonging to the genus Aerobacter was the cause of gas formation 
in a sample of sweetened condensed milk examined by them, it appears 
from the general studies on this defect that yeasts are usually responsible. 
While most of the yeasts reported to have been isolated from gassy 
sweetened condensed milk have not been described in detail, they show a 
number of common characters and apparently fall into two types on a 
morphologic basis. A recent outbreak of gas formation, in which yeasts 
were involved, afforded an opportunity to compare the causative organism 
or organisms with the descriptions of various yeasts isolated from gassy 
sweetened condensed milk. The data obtained are reported herein. 
HISTORICAL 
Pethybridge (5) isolated two types of yeasts from gassy sweetened 
condensed milk put up at an Irish condensery. Each type formed gas in 
sweetened condensed milk and in saturated sucrose bouillon. The pre-
dominant yeast was oval and measured about 0.9 x 3.6 µ.. It produced gas 
from dextrose and sucrose but not from lactose and did not grow well in 
the absence of fermentable sugar. Inoculated tubes of sweetened con-
densed milk showed gas formation after about 19 days at 37° C. or 24 
days at 20° C. The other yeast isolated by Pethybridge was spherical 
with a diameter of 5.5µ.. It fermented sucrose but not lactose and grew 
fairly well on sugar free media. Gas was produced in sweetened condensed 
milk in about 20 days at 37° C. 
Hunziker (3) secured yeasts from gassy sweetened condensed milk; 
these grew well in supersaturated sucrose whey bouillon and produced 
gas when inoculated into cans of normal milk. The yeasts were of the 
same general type and the cells were rather large and oval in form. 
In a study of an outbreak of gas formation in sweetened condensed 
milk, Hammer (1) isolated a yeast which he considered responsible for 
the defect. The organism grew in saturated sucrose bouillo11 and produced 
gas in cans of sweetened condensed milk in from 2 to 6 days at 37° C. 
although with one brand high in milk solids gas was not produced in 
some instances. The organism was oval in form and somewhat wider and 
shorter than the oval organism reported by Pethybridge (5). Hammer 
described the organism in considerable detail and named it Torula lactis-
condensi. 
1 Journal Paper No. J265 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 119. 
[37] 
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Knudsen (4) isolated two types of yeasts from gassy sweetened con-
densed milk. Both types produced gas in sweetened condensed milk and 
fermented dextrose, levulose and sucrose but not galactose, maltose and 
lactose. From Danish sweetened condensed milk only a spherical type 
was secured, while from Dutch sweetened condensed milk both a spherical 
and an oval type were isolated. The spherical type measured 5 to 6p. in 
diameter, developed gas in a sucrose substrate between 7° and 35° C., 
showed good surface growth on gelatin with slow liquefaction, and pro-
duced alcohol slowly in 30 per cent dextrose bouillon. The oval type meas-
ured 2 to 3 by 4p., developed gas in a sucrose substrate between 14° and 
35° C., showed no surface growth on gelatin and produced alcohol rap-
idly in 30 per cent dextrose broth. Knudsen assumed that his yeasts were 
identical with those found by Pethybridge (5). Unstained cells of the 
oval type were larger than the cells in stained preparations; the size of the 
stained cells corresponded closely to that reported for T. lactis-condensi 
(1). 
Two types of yeasts capable of producing gas in milk containing 70 
per cent sucrose and in sweetened condensed milk were isolated by Hiscox 
(2). One, a spherical type, measured 5 to 6p. in diameter and developed a 
heavy white growth on beerwort agar, while the other, an oval type, 
measured 1.5 to 2.7p. x 3 to 4.7p. and developed poorly on beerwort agar. 
The biochemical characteristics of the two types were practically identi-
cal. Both fermented dextrose, levulose and sucrose but not maltose and 
lactose while fermentation of galactose was questionable. Milk with as 
high as 70 per cent sucrose added, showed vigorous gas formation fol-
lowed by coagulation. Inoculated cans of sweetened condensed milk held 
at 22° C. bulged after 10 to 17 days with the spherical type and after 4 days 
with the oval type. Stained cells of the oval type were about the same 
size as that reported for T. lactis-condensi (1), but unstained cells were 
larger. The two types were compared with the organisms isolated by 
Knudsen (4) and found to be identical. 
HISTORY OF THE OUTBREAK 
The outbreak of gas formation involved the output of a plant, in a 
neighboring state, that marketed sweetened condensed milk in barrels. 
The development of gas occurred more or less frequently in the milk 
packed during several summer months. Most of the defective lots of 
milk did not develop gas until some time after they had left the plant. In 
some cases the heads of the barrels were bulged while in other cases they 
were not; evidently the extent to which the organisms had developed 
varied, and this was presumably related to the temeprature and time of 
holding and to the degree of the contamination. When barrels with bulged 
heads were opened gas rushed out and often milk was thrown for some 
distance. 
The spoiled milk had a yeasty odor, and yeasts were found in it in 
rather large numbers when it was examined microscopically. The yeasts 
were easily isolated when the milk was smeared on the surface of agar 
containing considerable sucrose. 
EXPERIMENTAL 
Isolation of cultures. Samples from six lots of the gassy sweetened 
condensed milk were studied. The causative organisms were isolated by 
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plating the milk on sucrose (30 per cent) agar, or by smearing it on the 
surface of this medium, and picking colonies into dextrose or sucrose 
bouillon after incubating the plates at 21 ° C. Two types of yeasts capable 
of producing gas when inoculated into sweetened condensed milk were 
secured. An oval type was isolated from all six samples, while a spherical 
type was found in only one. The sample yielding both types of yeasts 
also contained still other yeasts that produced gas in sucrose bouillon, but 
which failed to produce gas in sweetened condensed milk. 
Identity of the organisms. A detailed study of the morphologic, cul-
tural, and biochemical characteristics of both the oval and the spherical 
types of yeasts was made. The oval type was identified as T. lactis-con-
densi, although it differed somewhat in size from that originally reported 
for this organism (1). The spherical type appeared to be similar to, if not 
identical with, the unnamed spherical yeasts isolated by Pethybridge (5), 
Knudsen ( 4), and Hiscox (2). 
DESCRIPTION OF TORULA LACTIS-CONDENSI (Fig. 1) 
The cultures of T. lactis-condensi studied included 11 cultures from 
the outbreak and 6 additional cultures isolated from two samples of gassy 
sweetened condensed milk recently submitted to the Iowa Agricultural 
Experiment Station from different sources. The description of T. lactis-
condensi, as enlarged by studies on the cultures recently isolated, is as 
follows: 
Fig. 1. Torula lactis-condensi 
Morphology (at 2JO C.) 
Form and size. Cells in stained preparation from 48 hour potato dex-
trose agar slope cultures were typically oval, the size of the majority 
ranging from 1.0 to 1.5µ. in width and from 2.0 to 3.5µ. in length; in aqueous 
suspensions of the living cells the majority ranged from 1.6 to 2.4µ. in 
width and from 3.2 to 4.8µ. in length. 
Arrangement. Cells from young potato dextrose agar cultures were 
usually single or with one bud attached. 
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Staining reactions. Cells in young cultures were usually gram posi-
tive while in old cultures many of the cells were gram negative. 
Spore formation. Spores could not be demonstrated in cultures grown 
on potato dextrose or malt agar for from one day to several months, or in 
cultures grown on gypsum blocks for various periods. 
Cultural Characteristics (at 21° C.) 
Agar slope. After 24 hours on sucrose, malt, or potato dextrose agar 
growth was evident as small, round, smooth, slightly raised, translucent, 
shiny, white, non-viscid colonies. On further incubation the colonies 
fused and the growth became more opaque. Growth was scant on stand-
ard agar or whey agar. Little difference was noted in the rate or extent 
of growth on agars containing percentages of sucrose ranging from 1 to 
302 ; most of the cultures showed some growth on saturated sucrose agar. 
Agar colony. After 48 hours on potato dextrose agar the colonies 
were small, round, smooth, slightly raised, shiny, white and non-viscid, 
translucent at first and increasing in opacity with age. 
Sucrose (30 per cent) agar stab. Vigorous gas formation occurred 
and resulted in an extensive breaking up of the medium. 
Gelatin stab. Growth was slight, both with and without 0.3 per cent 
yeast extract (Difeo) added but extended along the entire depth of the 
puncture; the gelatin was not liquefied. 
Potato. No growth was evident. 
Bouillons. Growth was slight in the absence of fermentable materials. 
Where growth occurred the medium became turbid in from 24 to 48 hours 
and then cleared, leaving a heavy sediment. 
Dunham's solution. No growth was evident. 
Uschinsky's solution. No growth was evident. 
Litmus milk. No change occurred. 
Sucrose milk. Active gas formation and coagulation (in 2 to 3 days) 
occurred in milk containing from 1 to 50 per cent sucrose; gas production 
and coagulation were slower with the higher concentrations than with 
the lower. Most of the cultures produced considerable gas in milk satur-
ated with sucrose. 
Biochemical Features (2JO C.) 
Fermenting power. In bouillons, acid and gas were produced in 2 to 
4 days from dextrose, levulose, and sucrose; slight acid but no gas was 
produced in 4 to 10 days from raffinose and occasionally from maltose. 
Neither acid nor gas was produced from arabinose, rhamnose, galactose. 
lactose, inulin, dextrin, starch, glycerol, dulcitol, mannitol, sorbitol, 
adonitol, inositol, or salicin. 
Oxygen relationship. The organism was facultative; it grew very 
well aerobically in the presence of a fermentable sugar. 
Growth temperatures. On potato dextrose agar the organism did not 
grow at 7° or at 40° C.; it grew slowly at 15° C., rapidly between 20° 
and 35° C., and fairly well at 37° C. 
•Throughout the description the concentrations of sucrose represent the per-
centage by weight in the finished media. 
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TORULA GLOBOSA SP. NOV. 
The cultures of the spherical yeast studied included 1 culture from 
the outbreak and 2 cultures isolated from a sample of gassy sweetened 
condensed milk recently submitted to the Iowa Agricultural Experiment 
Station; both of the samples of milk that yielded this type also contained 
T. lactis-condensi and, according to colony development on plates and di-
rect microscopic observation, the latter organism was present in greater 
numbers than the former. The spherical yeast resembled T. lactis-condensi 
in many respects, including gas production in sweetened condensed milk, 
staining reaction, inability to form spores, growth on gelatin and in litmus 
milk, fermenting powers, and oxygen relationships. It appears to be 
identical with the spherical yeasts isolated from gassy sweetened con-
densed milk by various investigators. The name Torula globosa is sug-
gested for it. T. globosa differed from T. lactis-condensi in the following 
characters, all the determinations being made at 21° C. 
Form and size. The majority of the cells in stained preparations from 
48 hour potato dextrose agar slope cultures were spherical, although a few 
of the cells tended to be slightly oval; the dl.ameter of the majority of the 
cells ranged from 2.5 to 4.0µ. With aqueous suspensions of the living cells 
the diameter of the majority ranged from 4.4 to ().8µ. 
Growth on agar slope. Growth on potato dextrose or malt agar was 
more abundant than with T. lactis-condensi and was opaque, creamy 
white, dull, and raised. There was considerable growth on standard agar 
and on whey agar. 
Agar colony. After 48 hours the colonies on potato dextrose or malt 
agar were larger, more raised, dull, and opaque than those of T. lactis-
condensi. 
Potato. Growth was fairly abundant, creamy white, shiny, and non-
viscid. 
Bouillons. There was fair growth in the absence of a fermentable 
material. 
Dunham's solution. Growth was fair. 
Uschinsky's solution. Growth was slight. 
Sucrose milk. In milk containing various percentages of sucrose, 
gas production and coagulation were somewhat slower than with T. lactis-
condensi, especially with sucrose concentrations of 40 per cent or more. 
No gas was produced in saturated sucrose milk. 
Growth temperatures. On potato dextrose agar the organism did not 
grow at 4° or 37° C.; it grew slowly at 7° C., rapidly between 15° and 
30° C. and fairly well at 35° C. 
GAS PRODUCTION BY T. LACTIS-CONDENSI AND T. GLOBOSA IN SKIM MILK 
CONTAINING SUCROSE 
Skim milk containing various percentages of sucrose was prepared 
by adding the required amount of sucrose to skim milk (10 grams of 
sucrose to 90 grams of skim milk equalled 10 per cent sucrose, etc.), 
dissolving the sucrose by heating and dispensing in about 10 ml. quanti-
ties in test tubes; skim milk was saturated with sucrose by dissolving as 
much sucrose as possible by heating and then adding this mixture to 
tubes containing small amounts of sucrose. The sucrose milk was steril-
ized at 15 pounds for 20 minutes. After cooling, the tubes intended to 
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contain the milk saturated with sucrose showed many crystals while the 
tubes containing 70 per cent sucrose yielded large crystals of sucrose 
when seeded with a few small crystals. 
T. lactis-condensi produced gas actively at 21° C. in the 10, 20, 30, 40, 
or 50 per cent sucrose milk in 2 days, and in the 60 per cent sucrose milk 
in 3 to 4 days; in the 70 per cent sucrose milk some of the cultures failed 
to produce gas while the others produced it in from 7 to 12 days, and in 
the saturated sucrose milk some of the cultures failed to produce gas but 
most of them produced it in from 5 to 20 days. The milk was coagulated 
when gas formation became evident or within a few days after, coagula-
tion being slower than gas formation with sucrose concentrations of 50 
per cent or more. 
T. globosa produced gas rapidly at 21° C. in the 10, 20, or 30 per cent 
sucrose milk in 2 days, in the 40 or 50 per cent sucrose milk in 3 days, 
and in the 60 per cent sucrose milk in 5 days; no gas was produced in the 
70 per cent or in the saturated sucrose milk. Coagulation of the milk 
was slower than with T. lactis-condensi, usually occurring 1 or 2 days 
after gas production was evident. 
GAS PRODUCTION BY T. LACTIS-CONDENSI AND T. GLOBOSA IN SWEETENED 
CONDENSED MILK 
When sweetened condensed milk was transferred aseptically from 
normal cans to sterile test tubes and inoculated with T. lactis-condensi or 
T. globosa, gas was regularly produced in from 12 to 17 days at 21° C. 
Cans of normal sweetened condensed milk were inoculated by cover-
ing a small portion of one end of each can with concentrated HCl, flooding 
this area with solder, punching a hole in the center with a sterilized nail, 
and then adding a small portion of a young sucrose bouillon culture by 
means of a capillary pipette; the can was immediately resealed with solder 
and inverted several times to distribute the organisms through the mate-
rial. Controls of punched and resealed or of unopened cans were incu-
bated along with the inoculated cans. 
Occasionally, for no evident reason, an inoculated can failed to de-
cvelop gas, even with an extended holding period, but commonly gas 
production occurred. T. lactis-condensi usually produced gas in the 
inoculated cans at 21 ° C. and at 35° C. When gas production occurred 
the cans bulged in from 7 to 15 days, and some of the cans eventually 
ruptured, usually along a seam. T. globosa did not produce gas at 35° C. 
but produced it in from 12 to 15 days at 21° C.; the cans usually ruptured 
after an extended holding period. 
With either T. lactis-condensi or T. globosa, sweetened condensed milk 
in test tubes was thickened rather firmly, while in cans the change in con-
sistency seemed to be limited to the formation of lumps or a ring of thick 
milk at the surface. 
DEGENERATION OF T. LACTIS-CONDENSI 
A culture of T. lactis-condensi from the original isolation (1), that 
had been subcultured more or less regularly for about 17 years, was 
studied along with the cultures recently isolated. It had lost its ability 
to produce gas in sweetened condensed milk, and the cells were consider-
ably larger and growth on artificial media more abundant than when it 
was first isolated. 
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SUMMARY AND DISCUSSION 
Six samples of gassy sweetened condensed milk from a recent out-
break were studied; all the samples yielded an oval yeast while one of 
them also contained a spherical type. Two additional samples of gassy 
sweetened condensed milk that had been submitted for examination 
yielded the oval yeast while one of them also contained the spherical yeast. 
The oval type was identified as Torula lactis-condensi, the description of 
which was checked and enlarged. The name Torula globosa was sug-
gested for the spherical type, which apparently is identical with the 
spherical yeasts isolated from gassy sweetened condensed milk by 
various investigators. The differences between T. lactis condensi and 
T. globosa involve primarily morphology, extent of growth on solid media 
in the absence of a fermentable material and growth temperatures. 
From the reports of previous investigations and the data herein 
presented it appears that gas formation in sweetened condensed milk 
is commonly due to T. lactis-condensi or to T. lactis-condensi and T. globosa 
growing together, and that when the two species are growing together 
T. lactis-condensi is the more numerous. However, in a sample of Danish 
milk that had blown, Knudsen ( 4) found only the spherical yeast. 
The failure to secure gas production in certain instances when 
T. lactis-condensi or T. globosa was inoculated into a can of normal 
sweetened condensed milk may be due to various factors. A culture 
may lose its ability to grow in high concentrations of sugar and other ma-
terials; in this connection the failure of a culture of T. lactis-condensi 
from the original isolation to produce gas in sweetened condensed milk 
after an extended period of transfers is of interest. It appears also that in 
a viscous material, like sweetened condensed milk, the difficulty with 
which the organisms are distributed, either naturally or with shaking, 
may be a factor in limiting their growth. 
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Cold concentrated alkali was observed by John Mercer in 1845 (12) 
to increase the dyeing property of wool, and in British Patent 13,296 of 
1850 (14) he recommended an 18 per cent or less concentrated solution 
of sodium hydroxide at a temperature below 10° C. for this process. 
Kertesz (10), Knecht (11), Bucher (2), and Giesler (6) have recom-
mended the use of concentrated alkali in printing pastes for wool. 
Schneider considered the dyeing property of wool depended on the con-
centration, time, and temperature of its alkaline pretreatment (19), espe-
cially the removal of sulfur (18). 
Cold concentrated sodium hydroxide, 11 to 26 per cent, has been 
used to crepe fabrics of cotton and wool as these concentrations do not ap-
preciably shrink wool (German Patent 30,966 of 1884, 14, 17). 
The enhancement of the luster of wool by cold concentrated sodium 
hydroxide has been described by Hesse (8) and German Patent 113,205 
(14). 
Buntrock (3) studied the effect of various concentrations of sodium 
hydroxide in 10 minutes at room temperature on the strength of wool and 
noted that 15 per cent sodium hydroxide was the most destructive and 
that the dry breaking strength was increased by 33 to 50 per cent sodium 
hydroxide, the 38 per cent producing a maximum increase of 34 per cent 
over that of the original wool. Washburn (21) and Matthews (12) re-
peated Buntrock's work and reported the sulfur content, 3.42 per cent, of 
a wool as reduced to 0.53 per cent by 38 per cent sodium hydroxide at 
15° C. infive minutes. Speakman (20) found the elastic properties of 
single wool fibers unaffected after immersion in 38 per cent sodium 
hydroxide for five minutes at 19° C. and ascribed the increase in strength 
of wool yarn to surface gelatinization of the fibers. Jager (9) has de-
scribed 18 per cent sodium hydroxide as the most destructive to wool in 
10 minutes at room temperature and an increase in the dry strength of the 
wool as the concentration of alkali is increased from 18 to 50 per cent. 
Reported here are the changes in composition and mechanical failure 
of a plain-woven wool upon mercerization with 16, 29, 38, and 44 per cent 
sodium hydroxide for five minutes at 15° C. as measured by the weight, 
nitrogen, sulfur, dry and wet warp breaking strength and elongation at 
breaking load. 
EXPERIMENTAL PROCEDURE 
Preparation of wool. Approximately six grams of plain-woven un-
dyed wool were boiled one hour in 100 volumes of distilled water, dried, 
extracted continuously with anhydrous ether eighteen hours in a modi-
fied Soxhlet extractor, and dried at 105° to 110° C. until successive weigh-
ings checked within a half milligram. Upon analysis this wool yielded 
0.30 per cent of ash, no sulfates (13), and 0.21 per cent of sulfite-yielding 
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sulfur (7) as compared with 0.25 per cent obtained with scoured wool 
fiber. 
Preparation of concentrated alkali. Several days after more than the 
calculated amount of sodium hydroxide was dissolved in boiled distilled 
water the solution was filtered, its specific gravity at 15° C. determined 
with a Westphal balance, and its dilution to the desired concentration 
effected with boiled distilled water. 
Mercerization of wool. A six-gram sample or ten breaking strength 
specimens, wet and centrifuged, were immersed in 200 cc. of the alkali at 
15 + 0.1° C. and stirred constantly for five minutes. The wool was then 
stirred into successive liters of water until the rinse was not alkaline to 
phenolphthalein. 
Analysis of wool. The wet breaking strength and elongation at break-
ing load of ten specimens were determined with a Scott Universal Tester 
and Autographic Recorder immediately after rinsing (1). The dry tests 
were made after drying and conditioning ten specimens for four or more 
hours at 65 + 2 per cent R. H. and 70 ± 2° C. 
The mercerized wool was dried at room temperature (15) and ana-
lyzed for nitrogen by the Kjeldahl-Gunning method (5) . Each value is 
the average of four determinations corrected for the nitrogen of the re-
agents. 
TABLE 1. 
TABLE 1. Effect of alkali in five minutes at 15° C. on the weight, nitrogen, sulfur, 
breaking strength, and elongation of wool 
Sodium 
hydroxide Residual Wool 
Weight / Nitrogen Sulfur Breaking strength Elongation at of warp breaking load 
Dry Wet Dry Wet 
lbs. per 
Percent- in. of percent- percent- percent-
age Percentage of wool fabric age of dry age age 
--
0 100.0 16.49 3.99 20 73 29 55 
16 93.7 15.25 3.16 4 - 30 -
29 98.l 16.29 3.61 14 2 38 -
38 98.8 16.33 3.78 17 28 28 47 
44 98.7 16.01 3.77 19 32 35 51 
The wool was dried to constant weight at 105° to 110° C. before analy-
sis for sulfur by the Benedict-Denis method (4). Six grams of wool were 
heated until dissolved in 100 cc. of a solution, one part nitric acid and two 
parts water, in a covered evaporating dish on a steam plate. After the 
addition of 100 cc. of Benedict-Denis reagent the mixture was evaporated 
to dryness and the residue heated to dull red for ten minutes, dissolved 
in 100 cc. of 10 per cent hydrochloric acid, and filtered. The filtrate was 
heated to boiling and the sulfur precipitated as barium sulfate by the 
addition of 100 cc. of 10 per cent solution of barium chloride. After fif-
teen hours the precipitate was filtered into a Gooch crucible (16), washed 
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free of chlorides, and ignited to constant weight. The sulfur in each case 
is the average of four determinations corrected for the sulfur of the 
reagents. 
All weighing of bottles and crucibles was done with tares. 
Table 1 shows the weight, nitrogen, sulfur, wet and dry breaking 
strength and elongation at breaking load of the wool before and after 
mercerization for five minutes at 
15° C. in 16, 29, 38, and 44 per cent 1001-T-11':::::;~=:::3:EE~I 
sodium hydroxide. Figure 1 ex-
presses the weight, nitrogen, sulfur, 
and wet and dry breaking strength eoo----+--~-+---+--+----<----< 
of the mercerized wool in terms of • '"'""l'" 
the original wool. ~ ~~:~i::., 
The changes in dry breaking : ~it =~~ ~~~~~~ 
strength are similar to those re- 5~o1----1----+--+-+-----j----1 
ported by Jager (9) although the ~ 
5.3 per cent loss of sulfur by wool :.:; 
in 38 per cent sodium hydroxide for 
five minutes at 15° C. is in contrast 401-----+----++--t-----+---7~-1 
to the 84.45 per cent loss reported 
by Washburn (21) and Matthews 
(12). The low wet breaking 
strength of mercerized wool argues t ot-----+----+---t---f---+---1 
against its use. 
SUMMARY 
1. The mercerization of plain-
woven unstoved wool of 0.30 per 
cent ash and no sulfates, by 16, 29, 
38, and 44 per cent sodium hydrox-
ide for five minutes at 15° C. has 
o~.--+~--~zo:----~~;l:--~@:----rl~ 
PERCtNT Of 50DIUM H'fDROXIDE. 
Fig. 1. Effect of alkali in five minutes 
at 15°C. on the weight, nitrogen, sul-
phur and breaking strength of wool 
been followed by weight, nitrogen, sulfur, dry and wet warp breaking 
strength and elongation at breaking load. . 
2. The loss in weight, nitrogen, and sulfur has been shown to decrease 
with an increase in concentration from 16 to 38 per cent sodium hydrox-
ide and to be greater at 44 per cent sodium hydroxide. At 38 per cent 
sodium hydroxide the wool lost 1.2 per cent in weight, 1.0 per cent in 
nitrogen, and 5.3 per cent in sulfur. 
3. The loss of wet and dry breaking strength was less, the greater 
the concentration of alkali. At 44 per cent sodium hydroxide the dry 
breaking strength was 95 per cent and the wet breaking strength but 40 
per cent of the corresponding values for the original wool. 
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To those uninitiated into the secrets of chemistry, there may seem 
little connection between the manufacture of plastics and the utilization 
of agricultural wastes. Furfural is the name of the chemical which forms 
the strongest link between the two. 
Furfural has the unique record of changing in less than ten years 
from a laboratory curiosity to the cheapest aldehyde obtainable. The 
reason for this phenomenal development may be attributed to research, 
which had discovered many new uses for this interesting compound, and 
to the fact that furfural is derived from an inexpensive and inexhaustible 
supply of agricultural wastes. 
It has been predicted that a system of furane chemistry will some-
time be known, similar to the system of benzene chemistry we have now. 
A partial fulfillment of this prophesy has already taken place, as several 
furane derivatives analogous to aromatic compounds have been produced. 
The similarity between the benzene derivative and its furane twin sug-
gests the possibility that furane compounds may be substituted for ben-
zene derivatives in various technical applications. Such a substitution 
was made in the case of the preparation of the complex organic com-
pounds used as accelerators in the vulcanization of rubber. As a result, 
accelerators derived from furfural are now the subject of patents. Al-
though most of the commercial accelerators contain nitrogen, it was 
found that sulfur derivatives of furfural also possess the property of ac-
celerating the vulcanization reaction. One of these derivatives, poly-
thiofurfural, was prepared and tested by the writer for its value as an 
accelerator. 
The preparation of polythiofurfural was based on the fact that fur-
fural in dilute aqueous solution will react with hydrogen sulfide. As the 
gas is passed into the solution, polythiofurfural is formed in colloidal 
particles, which may be coagulated by the addition of a small amount 
of hydrochloric acid. A two to four per cent furfural solution was found 
to produce optimum results, and by passing the hydrogen sulfide in 
series through several absorption bottles, complete absorption of the 
gas was obtained. 
Following the prepartion of a quantity of the polysulfide, the com-
pound was subjected to the general tests given an experimental acceler-
ator. After a few trials, it became apparent from tensile strength tests 
that all the samples were being overcured. This indicated that the com-
pound was of the ultra-accelerator type, rather than the less rapid 
group. Tests using various amounts of the accelerator disclosed the 
fact that a concentration of less than one per cent of the compound did 
not produce vulcanization, but amounts in excess of one per cent gave 
1 Original thesis submitted July, 1930. 
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promising results. Low temperatures cures (220° F.) resulted in high 
tensile strengths. Since the anodic deposition of rubber requires an 
ultra-accelerator in colloidal solution, furfural polysulfide was believed 
ideal, since it is prepared in the colloidal form. It was found, however, 
that the compound was not sufficiently active at the temperature of 
boiling water to effect a cure. The compound was found to be unsuit-
able for use in hard rubber formulae. Because of the low cost of the 
compound, it was found cheaper to use than some of the commercial 
accelorators, in spite of the necessity of using about five· times as much 
accelerator. The tests conclusively proved that furfural polysulfide does 
have a remarkable accelerating effect on the vulcanization reaction. 
One of the methods attempted for the purification of the polysulfide 
was its distillation in vacuo. At the close of the distillation, a crystalline 
product was removed from the distilling flask. Washing with petroleum 
ether removed the orange color, leaving white crystals which were com-
paratively in~9luble in the ether. The compound melted at 100° C. 
Analysis showed the absence of sulphur. The molecular weight using 
the freezing point method was found to be 162. The carbon and hydro-
gen analysis resulted in data indicating the molecular formula C10H 80 2• 
This compound, because of the structure of furfural polysulfide, must 
be difuryl ethylene. 
Difuryl ethylene was tested as a rubber accelerator. No cure at any 
temperature was obtained. This indicates that the accelerating action 
of polythiofurfural is not due to the furane ring, but rather to the carbon 
and sulfur grouping. 
Furfural was compared with pine tar and mineral oil as a rubber 
softener. It was found to produce about equal results, but is not ex-
ceptional, is difficult to use because of its volatility, and has the added 
disadvantage of being more expensive. 
The polymerizing tendency of furfural and its compounds was one 
of the first characteristics of these materials to be observed. A striking 
illustration of this action was noted in an attempt to use furfurin as an 
accelerator. The furfurin was prepared by passing anhydrous ammonia 
into redistilled furfural. To this solution a quantity of hydrochloric acid 
w.as added, to determine whether the hydrochloride could be obtained 
directly. The mixture set to a gel in a few moments. An hour later it 
had become a firm hard piece of material having a black shiny appearance. 
Various procedures were tested in an effort to get a stronger mate-
rial. A furfurin solution was prepared by passing anhydrous ammonia 
into technical furfural for an hour. The addition of relatively large 
amounts of acid was found to produce better material. Best results were 
obtained by using one third acid to two thirds furfural solution by volume. 
The use of redistilled furfural resulted in identical products. Assuming 
that all the ammonia was converted to furfurin, about 19.3 per cent of 
the furfural combined with the ammonia. Because of the acid nature of 
the polymerizing agent, many objectionable features of the molding 
material were observed. To eliminate these difficulties, other polymeriz-
ing agents were tested. 
In order to eliminate the introduction of water, hydrochloric acid 
gas was first tested, with poor results. Small amounts of various metallic 
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salts were added, but none of them resulted in the production of a solid 
material. Sulphur dichloride in amounts as small as five per cent was 
found to produce solid materials, but the mechanical strength was ·very 
low, and the product had a very objectionable odor. Sulfuric acid re-
acted very violently with the evolution of large amounts of gas and heat. 
Dilution of the acid before addition to the furfural solution was found to 
delay the reaction enough to prevent the formation of gas. The material 
was strong, had less tendency to crack, but was intensely acidic. Alkalies 
were found to have no polymerizing action, and exposure to silent electric 
discharge produced no change. 
It was found possible to mix various fillers with the liquid material. 
Fillers tested were cornstalk and cob flour, wood flour, asbestos, and oat 
hull residue. Various articles were molded using mixtures of fillers and 
molding liquid. 
Since acids were the only materials found which would produce 
hard materials, attention was turned to the problem of removing the acid 
after the material had solidified. Samples were placed in contact with 
flake caustic and ammonia, which resulted in a surface neutralization of 
the acid, but which did not affect the internal acid content. Samples were 
soaked in a variety of organic solvents without result other than a marked 
tendency of the sample to crack when removed from the solvent. The 
best method found for the elimination of acid was a slow drying or bak-
ing of the material. 
The density of the material was found to be about 1.44. The color 
was always a jet black. The tensile strength of the material when mixed 
with a corn cob flour filler was around five hundred pounds per square 
inch. A high compressive strength was obtained, about thirty-five thou-
sand pounds per square inch. 
The volume resistivity of the material was found to be 2x101 2 ohms 
per cc. When heated the material had the appearance of charcoal after 
being thoroughly calcined. It will not, however, burn with a flame. The 
ordinary acids and alkalies have no action on the material. 
One of the articles molded in large quantities using the furfural 
molding liquid was golf tees. The molds used were drawn from glass 
tubing. At first the molds were filled by hand, but a small machine 
was developed which greatly facilitated this operation. After solidifying, 
the tees were hardened by baking. The estimated cost of production of 
these golf tees was $1.05 per thousand. Other atricles molded were but-
tons, tubes, and balls. The liquid was also tested as a binding material, 
and was tried out as a material for coal briquetting. A mixture of carbor-
undum and the furfural molding compound was tested as a material for 
grind wheels, but was found to be too soft. 
The molding material produced by the action of hydrochloric acid 
on a solution of furfurin in furfural is not as yet a commercial product. 
It does, however, have definite commercial promises. 

THE DISSOCIATION CONSTANTS AND ROTATIONS OF SOME 
ALPHA-SUBSTITUTED ETHYLAMINES1 
J. MARVIN BURCH 
From the Department of Chemistry, Iowa State College 
Accepted for publication June 12, 1935 
Optical activity, the property of rotating plane polarized light, was 
first observed with quartz crystals in 1811. It was later observed that 
solutions of sugar and tartaric acid and turpentine vapor also possessed 
this property. Since that time a vast amount of work has been done on 
naturally occurring optically active substances and on synthetic com-
pounds which may be resolved into active forms. The concepts of specific 
and molecular rotations were introduced about 1815 and have been used 
since that time to systematize rotation data. The effect of temperature 
and solvents on various optically active compounds has been investigated 
by many workers. It was noted about 1835 that the degree of rotation 
--varied with the wave length of the light source. This discovery led to 
numerous investigations relating to dispersion data. 
Very few successful attempts have been made to correlate the degree 
of rotation with the structure of the optically active substance, if we ex-
cept the work of Hudson and others on sugar derivatives. Attempts 
made by Guye2 and Crum Brown8 to caluculate rotations from the mass 
of the radicals attached to the asymmetric carbon atom proved unsuc-
cessful even for homologous series. Betti4 and Rule5, however, obtained 
very good correlations when they took into account the electrical prop-
erties of the radicals, as measured by dissociation constants and dipole 
moments. Betti compared rotations of about thirty aldehydo-aminic 
derivatives of ,B-naphtholphenylamino methane, 
the dissocation constants of the acids, RCOOH, where R is a substituted 
phenyl radical. Rule compared rotations of a series of homogeneous 
1-menthyl esters of monosubstituted acetic acids, XCH2-COOH, with the 
dissociation constants of the acids. Betti and Rule pointed out that 
increasing the 'electronegativity' of one of the four radicals attached to 
the asymmetric carbon atom tended to increase the molecular rotation. 
Werner Kuhn gave a mathematical treatment of optical activity in 
19306 which showed that vibrating electric oscillators, resonators, in 
molecules may bring about the rotation of plane polarized light. His 
1 Original thesis submitted June, 1935. 
•Guye, Com pt. rend., 110: 714 (1890). 
• Crum Brown, Proc. Roy. Soc. Edinburgh, 17: 181 (1890). 
•Betti, Gazz. chim. ital., 50 (II): 276 (1920). 
'Rule, J. Chem. Soc., 1121 (1924). 
• W. Kuhn, Trans. Farad. Soc., 26: 293-308 (1930). 
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treatment is based on the conception that plane polarized light is com-
posed of left- and right-hand circular polarized light. He concluded that 
"optical activity is a phenomenon of light refraction and, we shall find, in 
analogy with the law of additivity in molecular refraction, that the optical 
rotation of a compound is the sum of contributions of the various sub-
stituents, or, more accurately, of their absorption bands." It follows from 
Kuhn's work that the asymmetry of coupled absorption bands, or electri-
cal oscillators, is a more fundamental property of optically active com-
pounds than is the asymmetry of masses or structural groups. 
In an attempt to clarify further the effect of varying radicals in op-
tically active compounds, a series of a-substituted ethylamines were pre-
pared and resolved. Secondary butylamine, a-benzylethylamine, a-p-
tolylethylamine, a-phenylethylamine, and a-p-diphenylethylamine were 
prepared and resolved according to direction obtained from the literature 
and modifications of these methods. a-o-Chlorobenzylethylamine was 
prepared and resolved for the first time. Two separate preparations and 
repeated resolutions gave identical rotations. Micro Dumas nitrogen 
analyses were made on all new compounds and others were characterized 
by boiling points and derivatives. Rotations of the pure amines, of 
methyl alchohol, ethyl alchohol, and hexane solutions of the amines, and 
of the amine hydrochlorides in methyl alcohol were measured with a 
sodium arc as the light source. 
If comparisons of rotations are to be made it is necessary to compare 
values for active forms having the same configuration. Leithe7 catalyti-
cally reduced a-phenylethylamine to a-cyclohexylethylamine and ob-
served the dextro form of the former gave the levo form of the latter. 
He also observed that catalytic hydrogenation of d-a-benzylethylamine 
gave d-a-hexahydrobenzylethylamine. Reduction of d-a-o-chlorobenzyl-
ethylamine under pressure in the presence of palladium oxide catalyst 
was shown in this thesis to replace the chlorine with hydrogen without 
reducing the benzene ring. This configurational study showed that 
d-a-o-chlorobenzylethylamine gave d-a-benzylethylamine. Studies of this 
type involving only catalytic reductions are not likely to involve Walden 
inversions. 
The molecular rotations of the amine hydrochlorides in methyl 
alcohol were observed to be lower than the molecular rotations of the 
amines. Some work was carried out to determine the effect of a change 
in pH on the rotation of the amines. A methanol solution of d-a-phenyl-
ethylamine was neutralized in steps with gaseous hydrogen chloride and 
the rotation and pH observed at intervals. The molecular rotation plotted 
against pH gave a curve similar to electrometric titration curves. The 
greatest slope in the rotation -pH curve, however, occurred at the pH for 
half-neutralization of the amine rather than at complete neutralization. 
The dissociation constants of the a-substituted ethylamines mentioned 
above were measured in methyl alcohol in order to compare them with 
the molecular rotation of the amines. The method used was the deter-
mination of the hydrogen ion activity at half-neutralization of the amine 
with hydrogen chloride. Voltage values were measured by means of a 
hydrogen electrode and a calomel half-cell containing 0.1 formal sodium 
'Lei the, Ber., 63: 800-865 (1930). 
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chloride in methanol. The calomel half-cell was standardized against 
silver-silver chloride electrodes at intervals of one or two weeks. Little 
variation in thee. m. f. of the calomel half-cell was observed over a period 
-of six months. The method and technique used and the calculations in-
volved in the determination of dissociation constants in methyl alcohol 
have been described by Goodhue and Hixon8 • 
CHa 
When the radical, R, in the a-substituted ethylamines, H-C-NH2, was 
R 
varied, the molecular rotation of the pure active amines varied. Chang-
ing R from phenyl to cyclohexyl changed the molecular rotation from 
+49.4° at 15° C. to -4.06° at 15° C. that is, replacing the relatively 
'electronegative' group, phenyl, by the relative 'electropositive' group, 
cyclohexyl, produced a marked change in optical activity even to the 
extent of changing the sign of rotation. Members of the series derived 
from radicals with intermediate electrical properties had molecular ro-
tations between these two extreme values. 
CH2 
The dissociation constants of the a-substituted ethylamines, R-C-NH2, 
H 
in methyl alcohol, of the primary amines, RNH2, in water, and of the 
carboxylic acids, RCOOH, in water and the dipole moments of the chlor-
ides, RCl, in benzene were compared with the molecular rotations of the 
a-substituted ethylamines. With but few exceptions a decrease in the 
dissociation constants of the amines, or an increase in the dissociation 
constants of the acids, or a decrease in the dipole moments of the chlorides 
correspond to an increase in the molecular rotations of the active a-sub-
stituted ethylamines. 
It was concluded that there is a relationship between the electrical 
properties of the radical, R, as measured by dissociation constants and 
dipole moments, and the molecular rotations of the a-substituted ethyl-
CHa 
mines, R-C-NH2• It was pointed out, however, that the relation is not a 
H 
simple one and no attempt was made to develop a quantitative rela-
tionship. 
• Goodhue and Hixon, J. Am. Chem. Soc., 56: 1329 (1934). 
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A study was made on 73 cultures chosen from 210 cultures of bacteria 
isolated (at 55° C.) from commercial cane syrups. On the basis of tem-
perature relationships these could be subdivided into two groups, which 
included (a) 48 cultures which grew at 65° C. but not at 37° C., and (b) 
54 cultures which grew at 37° C. and 55° C. but not at 22° C. and 65° C. 
Determination of the morphological, cultural and physiological char-
acteristics was made according to the methods suggested in the Manual 
of Pure Culture Study prepared by the Society of American Bacteri-
ologists. All the cultures isolated and examined were rods, which were 
twice as long as wide. All cultures produced spores and were motile. 
In young cultures all the cells were Gram positive. Many of the cultures 
showed Gram negative cells after 12 to 24 hours incubation and in several. 
all cells were Gram negative after five days. 
A brief characterization of the organisms was made using the method 
as outlined by the Descriptive Chart which accompanied the Society 
Manual of Pure Culture Study (1929). By use of the index number thus 
obtained, 15 groups are presented. Divisions within the groups are also 
pointed out. 
None of the organisms produced gas in nutrient broth containing 
dextrose, lactose or sucrose. Acid production from 21 carbohydrates and 
alcohols in nutrient broth was determined. The ability to produce an 
acidity from the carbohydrate or alcohol in nutrient agar was determined, 
together with the ability to change the reaction produced from an acid to 
neutral or alkaline. 
A study was made of 35 organisms as to their ability to utilize 
carbohydrates, alcohols and organic acids when grown on a synthetic 
medium containing the test material as the sole source of carbon. 
The osmophilic relationships of each of the organisms was observed 
by growing it in a special medium with various concentrations of sucrose. 
Work was presented to show the effect of the initial hydrogen ion 
concentration on the vigor of growth of the organisms. It was observed 
that the optimum hydrogen ion concentration for growth was generally 
between pH 6.3 and pH 7.0. One group, with an optimum between pH 6.3 
and pH 7.8, showed the ability to grow well at pH 4.7. A new species 
described had an optimum of pH 5.0 and pH 6.0 and gave good initial 
growth at pH 4.7 and delayed growth at pH 7.8. 
Comparative studies are presented on procedures recommended for 
the determination of nitrate and nitrite reducing ability of micro-
organisms. The method as outlined in the Manual of Methods is com-
pared with that presented by ZoBell where the use of a semisolid 
medium containing nitrate is recommended. 
Observations were made on the ability of selected organisms to 
1 Original thesis submitted December, 1934. 
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produce a positive nitrite test in nutrient media without a known source 
of nitrate. Evidence presented shows that the material causing the 
positive nitrite test after the culture had grown reacted like a nitrite. 
The conclusion that these organisms are able to produce a nitrite from 
ammonia or protein sources is withheld until such a time as a study can 
be made under the most rigid control. 
Organisms studied included strains which are apparently identical 
with Bacillus michaelisii Prickett, Bacillus thermoliquefaciens Bergey, 
Bacillus thermoalimentophilus Weinzirl, Bacillus terminalis Migula var. 
thermophilus Prickett, Bacillus thermoindiffrens Weinzirl, Bacillus aero-
thermophilus Weinzirl, and Bacillus thermoacidurans Berry. 
Another group of organisms showed a close relationship to Bacillus 
fusiformis Gottheil but because of the thermophilic characteristic the 
name Bacillus fusiformis Gottheil var. thermophilis var. nov. is proposed 
A complete description of this organism is given. 
The description of a group of organisms whose characteristics set 
them apart from all the other organisms reported in the literature is 
detailed. The organisms will grow well in media of relatively high 
hydrogen ion concentration (pH 4.7) and when grown in a synthetic 
medium with dextrose as the sole source of carbon, a distinct odor of 
acetic acid was produced. A distinctive acid odor was produced when 
the organism was grown in nutrient media containing carbyhydrates. 
Characteristics observed in this group included reduction of nitrates, 
action on carbohydrates, action on litmus milk and production of acetyl-
methyl-carbinol. The name Bacillus oxyphilus n. sp. is proposed for this 
organism. A complete description of this organism is given. 
THE REVERSIBLE SPLITTING OF ORGANOMERCURIC CYANIDES 
WITH HYDROGEN CHLORIDE1 
EDWARD CARR 
From the Department of Chemistry, Iowa State College 
Accepted for publication June 12, 1935 
Gradations of electrical properties from one typical class of organic 
compounds to another suggest that some property other than type of 
structure may better serve as a basis for systematizing organic chemistry. 
A point of attack that naturally suggests itself is a study of the relatively 
permanent aggregates of atoms designated as radicals. If some funda-
mental property common to organic radicals exists, capable of serving as 
a classifying index, the assaying of this property should yield a more 
natural and adequate means of systematizing organic chemistry. 
An examination of the ionization constants of organic acids, RCOOH, 
where R contains no ionizable group, shows that the constants range in 
value from about 10-5 to about 10-1 • The range of the amine constants is 
from about 10-14 to about 10-4 • The ionization constants of a series of 
amines can be arranged relatively to each other so as to give an orderly 
increase in their magnitudes. Corresponding to each constant there 
would be a radical. If to each radical there is assigned a number the 
condition that a functional relation exist between the ionization constants 
and the numbers designating the radicals is satisfied. Such a functional 
relation was established by Hixon and Johns2 • They demonstrated that 
organic radicals fall into a significant series on plotting as ordinates on 
a smooth arbitrarily drawn cure the logarithms of the ionization constants 
of a series of primary amines. At the point on the abscissa corresponding 
to log K for a given amine the radical was placed. This procedure fixed the 
radicals along the abscissa at points which must necessarily satisfy a 
functional relation. Upon plotting log K of the carboxylic acids against 
the radicals thus fixed along the abscissa a smooth curve was obtained. 
Further data on ionizations and equilibrium reactions in various solvents 
were found to lend themselves to this treatment. 
Thus there is established for organic radicals a quantitative scale on 
which a radical has a characteristic constant value. This scale serves as 
the axis of an independent variable. In this systematization the guiding 
principle was that the only reliable information on affinity relations be-
tween chemical groups is given by the free energy change of reversible 
processes in which the influence of the groups is involved. 
Attempts have also been made to systematize organic radicals in an 
electronegativity series on the basis of the irreversible splitting of un-
symmetrical organomercuric and organolead compounds. The definition 
of the relative electronegativity of the radical R' in the compound RHgR' 
was given by Kharasch as follows3 : "The group R' which presumably 
1 Original thesis submitted December, 1934. 
•Hixon and Johns, J. Am. Chem. Soc., 49: 1786-95 (1927). 
1 Kharasch and Flenner, J. Am. Chem. Soc., 54:674-92 (1932). 
[61] 
62 EDWARD CARR 
first dissociates from the mercury and then combines with the hydrogen ion 
in solution to form the hydrocarbon R'H is defined as the more electro-
negative of the two radicals; that is it has the greater attraction for 
electrons." The radicals studied in these cleavage experiments were ar-
ranged in a series. The interpretation placed on the series was that any 
radical is more electronegative than any below it and less electronegative 
than any above it. A comparison of this series with that obtained on the 
basis of ionization constants reveals that there is considerable difference 
in the relative positions of various radicals. The question naturally arises 
as to the comparative significance of the results of the two methods. 
The experimental part reports the determination of the equilibrium 
constants of the reaction of some organomercuric cyanides with hydrogen 
chloride in ethyl alcohol, and the determination of the decomposition 
temperatures of some organomercuric cyanides. Equilibrium data on 
this reaction should serve as the basis of a critical comparison of the 
results that are to be expected from reversible and irreversible reactions 
of similar type. Whereas, in the splitting of RHgR' with HCl no reversal 
of the reaction is expected or observed due to the formation of hydro-
carbons, in the reaction of RHgCN with HCl reversal is expected and 
observed due to the reactivity of HCN. Since no reversal occurs in the 
case of the RHgR' compounds the only practical means of evaluating the 
reaction is to determine the quantities of RHg Cl and R'Hg Cl produced. 
The relative amounts of these compounds measure the relative rates of 
the two competitive reactions: 
(1) RHgR' + HCl 
(2) RHgR' + HCl 
RHgCl + R'H 
R'HgCl + RH 
In the case of the reversible splitting of RHgCN with HCl the equilibrium 
constants serve as a measure of the free energy of the reaction. 
The organomercuric cyanides used were prepared either by treating 
RHg Br or RHg I with silver cyanide, or by the reaction between R2Hg+ 
Hg (CN)2. The organomercuric cyanides were analyzed for nitrogen by 
a micro-Dumas analysis. The organomercuric chlorides were furnished 
by Dr. I. B. Johns. Absolute ethyl alcohol was used as the solvent for the 
reaction. The temperature of the reactions was controlled to 25° C.± 
0.1°. 
Preliminary experiments on the reaction of RHgCN with HCl in 
alcohol indicated that the reaction proceded to a great extent in the 
direction of the production of RHgCl and HCN as shown by the great 
decrease in the conductivity of a solution of HCl into which was intro-
duced an equivalent quantity of RHgCN. Reversal of the reaction was 
evidenced by the development of a relatively high conductivity of a 
mixture of RHgCl and HCN. The equilibrium constants were deter-
mined in the following way. A solution of HCl of about 0.01 N. was pre-
pared in alcohol and analyzed for chloride. The analysis consisted of 
adding excess standard silver nitrate, filtering off the precipitated silver 
chloride and titrating the excess silver by the method of Sharwood. A por-
tion of this solution was diluted to 0.005 N. for running the reactions 
between RHgCN and HCI. Another portion was diluted over the range 
of concentration occurring in the reactions. The specific conductivities 
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corresponding to these dilutions were determined and a graph of con-
centration against conductivity constructed. To a 25 cc. volume of 
0.005 N. HCl solution was added an equivalent amount of RHgCN and 
the resulting conductivity determined. A correction was made for the 
conductivity of the components RHgCl and HCN. The equilibrium con-
centration of HCl was then determined from the graph as the value 
corresponding to the corrected conductivity of the reaction. The equi-
librium constant calculated from this value and the initial concentration 
of HCl. The reverse reaction between RHgCl and HCN was run similar-
ly. On plotting Log K for the various compounds RHgCN against 
radicals as fixed on the abscissa by the ionization of acids and amines 
a smooth curve was obtained. 
The decomposition temperatures were determined by heating a small 
quantity of compound in a melting point tube and observing the tem-
perature at which blackening occurred. The graph of the decomposition 
temperatures against the radicals was a curve passing through a mini-
mum near the benzyl radical. 
These results show that the reversible splitting of RHgCN with HCl 
measures a different property of the R-Hg bond than does the irrever-
sible splitting of RHgR' with HCl. A correspondence was shown to exist 
between the results of the thermal decomposition of RHgCN compounds 
and the irreversible splitting of unsymmetrical organomercurials with 
HCl. Both the decomposition of unsymmetrical organomercurials with 
HCl and the thermal decomposition of organomercuric cyanides ap-
parently measure the stability of the C-Hg bond involved in the de-
composition. 
It was pointed out that on the basis of the use of refraction as a 
measure of the deformability of electron shells and as a measure of the 
electron constraint the constraining force of a radical on the group to 
which it is attached may be measured by means of refraction. 
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A. RELATIVE REACTIVITIES OF HALIDES 
AND 
SUPER-AROMATIC PROPERTIES OF FURAN 
The relative reactivities of some furan halides were determined by a 
study of reaction velocities with potassium iodide in an acetone solution. 
The procedure used was essentially that of Conant and Kirner2• 
The values observed for R (R = relative reactivity at 50°, n-butyl 
chloride = 1) were: 2-furylmethyl chloride 3,184, 5-nitro-2-furylmethyl 
chloride 12,708, 2-furoylmethyl chloride 98,230, 2-tetrahydrofurylmethyl 
chloride 0.025, y- (2-furyl)-propyl chloride 2.51 and y- (2-tetrahydro-
furyl) -propyl chloride 1.33. Qualitative observations showed 2-furoyl 
chloride to be less reactive than benzoyl chloride. Halogens which are 
directly attached to the furan ring are extremely inert. 
The negativity (or aromaticity) of the radical appears to be the 
most important factor in the reaction of the halide with potassium 
iodide. The reactivity of the halogen in the series ACH2X will increase 
with an increase in the negativity of the aromatic nucleus; however, in 
the series AX the reactivity of the halogen decreases with an increase in 
the negativity of the nucleus A. When the aromaticity of the furan nu-
cleus is essentially destroyed by complete nuclear hydrogenation there 
is a marked drop in reactivity of lateral chlorine. 
B. PARACHORS OF SOME FURANS 
The purpose of this investigation was to gain some more definite 
information concerning the structure and the dynamic behavior of the 
furan nucleus. 
The parachors of furan and a number of its derivatives were de-
termined. The method was essentially that of Sugden8 • The observed 
values of these parachors were: furan 160.4, 2-methylfuran 199.8, 
2,5-dimethylfuran 240.6, 2-nitrofuran 220.8, 2-bromofuran 212.6, 2-fur-
furyl alcohol ("water soluble form") 216.9, 2-furfuryl alcohol ("water in-
soluble form") 216.2, 2-furfuryl methyl ether 260.8, 2-tetrahydrofurfuryl 
ethyl ether 321.3, 2-furfural 212.5, ethyl 2-furoate 309.6 and 2-furfuryl 
2' -furoate 398.9. 
These results are in support of the classical diolefine formula or 
structures related to it. The ethylene oxide, formula is probably not pres-
1 Original thesis submitted December, 1934. 
• (a) Conant and Kirner, J. Am. Chem. Soc., 46: 232-252 (1924); 
(b) Conant and Hussey, ibid., 47: 476-488 (1925); 
(c) Conant, Kirner and Hussey, ibid., 47:488-501 (1925). 
'Sugden. "The Parocher and Valency," London, 1930. 
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ent to a significant extent. It is, of course, impossible within the limits of 
accuracy for measuring parachors to definitely and rigorously exclude any 
formula. The best that can be hoped for is an idea of predominant forms. 
It still appears altogether probable that furan consists of a dynamic equil-
ibrium of a number of structures, some of which are more useful than 
others in interpreting specific reactions and properties. 
C. IONIZATION CONSTANTS OF SOME ACIDS OF THE FURAN SERIES 
AND 
SUPER-AROMATIC PROPERTIES OF FURAN 
The negative character of the furan nucleus has been described in 
terms of the relative ease of splitting of mixed organolead compounds; 
ease of substitution in the furan nucleus; and relative reactivity of the 
halides. A further manifestation of the activating influence (aromaticity) 
of the furan nucleus is to be found in the strength of the carboxylic acids 
as compared to the corresponding acids of the benzene series. 
The ionization constant was calculated from the pH of the half 
neutral solution of the acid. The quinhydrone electrode and the saturated 
calomel electrode were used in determining the pH. The acids studied 
and their ionization constants (x 105) were: 3-chloro-2-furoic 204.1, 
5-chloro .... 2-furoic 147.4, 5-ibromo-2-furoic 144:3, 5-iodo-2-furoic 116.0, 
3,4-dichloro-2-furoic 400.3, 3,5-dichloro-2-furoic 377.4, 4,5-dichloro-2-
furoic 248.6, 3,5-dibromo-2-furoic 326.8, 5-nitro-2-furoic 870, 5-methyl-
2-furoic 38.12, 2-methyl-3-furoic 2.94, 2,4-dimethyl-3-furoic 2.79, 2,5-di-
methyl-3-furoic 2.296, mucobromic 5.26, furylacrylic 3.83, 2-furoic 75.2, 
3-furoic 11.3, and thiophene-2-carboxylic 34.26. 
The strength of the substituted furoic acids was correlated with the 
nature and position of the substituents. The ionization constants of the 
acids were also correlated with the rates of alkaline hydrolysis of the 
esters studies by C. W. Bradley and with the comparative reactivity of 
the halides containing the same number of carbon atoms. 
D. RELATIVE REACTIVITY OF SOME ORGANOMETALLIC COMPOUNDS 
A quantitative method has been developed for the study of the com-
parative reactivity of some organometallic compounds of some of the 
elements in the second, third, fourth and fifth groups. The method con-
sists of splitting the organometallic compound (in solution) with an acid 
of suitable strength and solubility. An excess of the organometallic 
compound is used and the course of the reaction is followed by extracting 
the unreacted acid with water and titrating it. 
The relative reactivities of the ethyl and phenyl derivatives of lead, 
mercury, and tin, and the phenyl derivative of bismuth have been deter-
mined by a study of the reaction velocities with trichloracetic acid and 
hydrogen chloride in chloroform. 
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In calculating the results a modification of the second order reaction 
velocity expression was used: 
R4M + HX ~ RH+ RaMX 
Ca Cb C 
1 r-z 
k= log---
t(r - l)b r(l - z) 
The factor 2.303 was omitted in all cases. 
t = time in hours; 
Ca 
r=-; 
Cb 
b = concentration of HX in moles per liter; 
z = fraction of HX reacted in time t. 
The following data summarize the comparative reactivity of these 
compounds: tetraethyl lead 6, tetraphenyl lead 56, diphenylmercury 57, 
triphenylbismuth 40, ethyltriphenyl-lead 2,000. These data represent 
the velocity of splitting with trichloroacetic acid at 25° C. With hydrogen 
chloride the constants were: tetraethyl-lead 410 (10°), tetraethyltin 6.9 
(25°) , tetraphenyltin 75 (10°) and diethylmercury 30 (10°). 
In every case the phenyl derivative is more reactive than the cor-
responding ethyl derivative and the splitting with hydrogen chloride is 
more rapid than with a weaker acid. 
The effect of numerous catalysts was studied. Of these, diatomaceous 
earth and oxygen (or oxidation products) were found to greatly increase 
the rates of reaction. 

SOME BACTERIOLOGICAL AND CHEMICAL EFFECTS OF 
CALCIUM AND MAGNESIUM LIMESTONES ON 
CERTAIN ACID IOWA SOILS1 
HAROLD L. DEAN 
From the Department of Agronomy, Iowa State College 
Accept.ed for publication June 12, 1935 
The comparative value of calcium and magnesium limestones has 
been a problem of considerable interest to agronomists for many years, 
and it has even caused some controversy among limestone dealers as 
evidenced by their claims of superiority for their particular products. 
This interest and controversy have resulted from the early experimental 
work conducted mainly by Loew on the functions of lime and magnesia 
in plant nutrition and growth. From this work an hypothesis was formu-
lated which stated that calcium and magnesium are toxic to plants 
when either occurs in excess of a definite ratio of lime to magnesia. 
In their work, Loew2 and May8 in 1901 experimented with water, 
sand, and soil cultures treated with the sulfate, the nitrate and the car-
bonate of calcium and magnesium. The plants grown in the cultures were 
barley, oats, wheat, conifers, privet, beans, and tobacco. The results ob-
tained from these investigations showed that magnesium was toxic to 
the plants when it occurred in great excess over the lime content. It was 
also noted that the noxious effects were counteracted by an excess appli-
cation of calcium. 
With these results before them many investigators took up the task 
of determining whether or not Loew's hypothesis is tenable. As a result 
considerable experimental work has been done along this line during the 
past thiity-four years. In general, the many investigators have given 
results which may be classified into three groups, (1) those supporting 
Loew's hypothesis, (2) those showing little or no support for its tenability, 
~d (3) those which are related to the subject of the functions of lime 
and magnesia in plant growth, but give little or no evidence either in 
support, or contradiction, of the hypothesis in question. 
Because of these differing viewpoints and since many soils contain 
large quantities of both calcium and magnesium carbonate it is desirable 
that no prejudice be developed as to the comparative agricultural value 
of these two materials. Hence, the object of this investigation was to 
determine and to compare the effects on soil conditions and plant growth 
of calcium and magnesium limestones applied to certain Iowa soils in 
different amounts and various degrees of fineness. 
In order to determine the effects of a high-calcium and a high-mag-
nesium limestone on the soil conditions and plant growth the experi-
mental work was divided into two series, one series consisting of green-
house experiments using Carrington loam and Tama silt loam and the 
1 Original thesis submitt.ed June, 1935. 
•Loew. U. S. D. A. Bur. Plant Indus. Bul. 1. 1901. 
a May. U. S. D. A. Bur. Plant Indus. Bui. 1. 1901. 
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other series consisting of laboratory experiments employing Grundy silt 
loam. 
SERIES I. GREENHOUSE EXPERIMENTS 
In series I the soils were placed in glazed stone pots and divided 
into two series, one series being treated with calcium limestone and the 
other with magnesium limestone. The limestones were applied in 
amounts as follows: (1) no lime, (2) 11/2 tons per acre, (3) 3 tons per 
acre, ( 4) 6 tons per acre. Two pots of each treatment were cropped to 
wheat and red clover and the other two were fallowed and used for 
laboratory analyses. The high-calcium limestone used in this experi-
ment contained 93.50 per cent calcium carbonate, 1.65 per cent mag-
nesium carbonate and was 93.54 per cent pure. The high-magnesium 
limestone contained 49.20 per cent calcium carbonate, 21.20 per cent 
magnesium carbonate and was 90.56 per cent pure. In adding the lime-
stones to the soils, different fractions of the magnesium limestone were 
mixed together in order to obtain a composite material of the same me-
chanical composition as the calcium limestone employed. This was con-
sidered desirable in order that the two limestones, differing in chemical 
composition, might be studied under comparable conditions in so far as 
fineness of division is concerned. 
The soils of the fallow series were sampled at the end of 14, %, 1, 2, 
3, 4, and 5 months after the experiment was started. The following 
analyses were made: (1) Moisture content (2) pH (3) lime requirement 
(two methods) (4) exchangeable hydrogen (5) exchangeable calcium 
(6) exchangeable magnesium (7) total exchangeable bases (8) exchange 
capacity (9) degree of saturation (10) nitrate content and nitrifying 
power. Crop yields were determined on the soils growing wheat and red 
clover. 
In general, the results obtained from the experiments in this series 
show that calcium limestone was slightly more effective than the mag-
nesium limestone during the early periods of the experiments, and that 
the magnesium limestone was equally as effective as the calcium lime-
stone at the end of the experiment. On the basis of the data obtained it 
is believed that in actual practice where the limestones are allowed to 
react with the soil acids over a relatively long period of time the calcium 
and magnesium limestones will give rather similar results. 
It has been found by various investigators that if the supply of mag-
nesium in the soil is extremely large toxic effects may result from the 
additions of magnesium limestone. Inasmuch as no large difference was 
obtained in the effects of the two limestones in these experiments it is 
apparent that the supply of magnesium in the soil is sufficient to meet 
the needs for plant growth. It is also apparent that the soils studied do 
not contain too large a supply of magnesium as additional applications 
of a large amount of magnesium limestone did not produce deleterious 
effects. 
SERIES II. LABORATORY EXPERIMENTS 
In this series of experiments lOOgms. of Grundy silt loam were placed 
in each of 376 tumblers and mixed with calcium and magnesium limestone. 
The limestone treatments were made in triplicate, using 10-, 20-, 40-, and 
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100-mesh limestone at rates of 11/2 , 3, and 6 tons per acre. Pure calcium 
and magnesium carbonate were also employed, being applied at the 
same rates as the limestone applications. The calcium and magnesium 
limestones were of the same source as those used in the experiments 
of series I. 
In addition to the limestone treatments two tumblers of soil were 
treated with ammonium sulfate for nitrification of the ammonium ion. 
The nitrifying power and the hydrogen-ion concentration was deter-
mined at weekly intervals. The soil not treated with ammonium sulfate 
was analyzed for hydrogen-ion concentration and nitrate content. 
The data from this series of experiments indicate that the coarser 
calcium and magnesium limestones gave similar results, while the finer 
grades of calcium limestone were somewhat more effective than those 
of the magnesium limestone during the early periods of the experiment. 
At the end of the experiment, however, there was very little difference 
between the two limestones. This conclusion is in accord with that. 
drawn from the experiments in series I. 
It was further noted that the finer limestones had a much larger 
effect upon the hydrogen-ion concentration and the nitrifying power of 
the soil than did the coarser limestones. 
The pure carbonates of magnesium and calcium were somewhat more· 
effective in neutralizing the acidity of the soil than were the limestones. 
In general, very little difference was found between the effects of the 
pure carbonates and the 100-mesh limestone on the nitrifying power of 
the soil. 

THE EFFECTS OF LIMING ON THE LIBERATION OF POTASSIUM 
IN SOME IOWA SOILS1 
HARTZELL C. DEAN 
From the Department of Agronomy, Iowa State College 
Accepted for publication June 12, 1935 
Considerable attention has been paid in the past to the effects of 
calcium compounds in liberating available potassium in soils. A review 
of the more recent literature, however, reveals a contradictory idea of 
the influence of calcium additions upon plant food potassium. The early 
investigators and most of the textbooks on soils adhere to the viewpoint 
that the addition of lime to soils results in the liberation of available 
potassium through chemical reaction. The earlier investigators showed 
that additions of calcium to the soil affected the solubility of potash and 
even made potash fertilization unnecessary. It was pointed out as early 
as 1847 that lime additions furnished an invaluable means of liberating 
from the soil the alkalies which are indispensible to the existence of plants. 
Many of the more recent investigators, on the other hand, have re-
ported entirely different results upon the study of the lime-potassium 
relationship in soils. Data have been presented which show that lime did 
not liberate potassium but in some cases it even depressed the availability 
of potassium. Experiments with various crops, such as wheat and barley, 
revealed the fact that liming may materially reduce the solubility of both 
native and added potassium. The lime may be so active in depressing 
the solubility that in time the soil may become deficient in available 
potassium, especially for certain crops. 
The exact reason for this depressive effect is not known, although 
many suggstions have been made. It has been pointed out that additions 
of lime to a soil decrease considerably the hydrolytic process that nor-
mally occurs. It has been found that the greater the concentration of 
carbonates and bicarbonates, the less will be the hydrolytic breakdown 
of the potash-bearing colloidal complex. If this is true, then soils having 
high concentrations of certain calcium compounds would contain only 
small quantities of available potassium. Another explanation given by 
some investigators is that as soon as the potassium is liberated it is 
absorbed immediately by the lower layers of soil and may be out of 
the feeding zone of some plants. It has been pointed out further that al-
though it may be demonstrated that lime will liberate potassium from 
pure potassium minerals, it is quite likely that the same process will not 
take place in soils. It has also been suggested that since the soil contains 
clay, any potassium liberated by calcium may be reabsorbed by the finely 
divided material and kept from going into solution. Some investigators 
have concluded, however, that the potassium liberated is not merely 
absorbed by the clay fraction but reverts to a difficultly available form 
of potassium, usually resembling muscovite. 
1 Original thesis submitted March, 1935. 
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It appears that one of the above mentioned conditions may exist in 
the high-lime soils of Iowa. The high-lime soils, or so-called "alkali" 
spots of Iowa, have been found to contain high concentrations of both 
calcium carbonate and calcium bicarbonate, and these compounds are 
definitely associated with the unproductiveness of the soils. Various 
investigators have reported beneficial effects from the use of potassium 
fertilizers on such soils and have recommended their use. The purpose of 
this investigation was to study the fixation of potassium in soils and to 
determine the effect of lime on the liberation of potassium in some Iowa 
soils. 
The investigational work reported here consisted of a number of 
laboratory and greenhouse experiments. Six studies were made, namely, 
(a) the analysis of 12 high-lime soils, (b) the nitrogen, the phosphorus, 
and the potassium content of corn plants grown on normal and on high-
lime soils, (c) the effect of calcium carbonate on some exchange reactions 
in acid, neutral and basic soils, ( d) the effect of certain calcium com-
pounds on the exchangeable and available potassium in acid and basic 
soils, (e) the absorption of potassium and calcium by inorganic colloids, 
(f) the biological fixation of potassium in several Iowa soils. 
All of the high-lime soils studied contained relatively large amounts 
of carbonates, nitrogen and potassium. However, tests for available 
potassium showed that 11 of the 12 soils studied were either in need or 
would respond to potash fertilization. In general, there seemed to be a 
direct relationship between high carbonate content of the soil and low 
amount of available potassium. Soils containing 20 per cent or more of 
carbonate were deficient in available potassium regardless of the amount 
of total potassium they contained. 
The exchange capacity of the high-lime soils was larger than that 
of the acid Tama silt loam and the exchange complex of the high-lime 
soils contained a larger proportion of organic colloids than that of the 
Tama silt loam. The exchange complex of the high-lime soils was satur-
ated with bases, principally calcium, whereas, the exchange complex of 
the Tama silt loam was unsaturated with respect to bases and contained 
larger amounts of exchangeable potassium. The addition of 6 tons per 
acre of calcium carbonate to the acid Tama silt loam in greenhouse ex-
periments resulted in the saturation of the complex, and the depression 
in the availability of potassium. In other words, the addition of lime to 
an acid Tama silt loam brought about a condition in this soil after a 
period of 6 months which was similar with respect to exchangeable 
potassium to that existing in the high-lime soils. However, the addition 
of calcium carbonate, calcium chloride or calcium hydroxide to Tama 
silt loam in laboratory experiments liberated potassium from the ex-
change complex and brought about a signficant increase in available 
potassium when the tests were made 21 days after treatment. The soils 
and the measurements made were the same in both sets of experiments 
and the conditions of the experiment were the same, except that in the 
greenhouse experiments, the soil was treated 6 months before the ex-
changeable and available potassium were determined and in the labora-
tory experiments the determinations were made 21 days after the treat-
ment of the soils. Apparently some reaction took place during the period 
between treatment of the soils in the greenhouse and the time the tests 
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were made to change the effect of the added calcium compounds. This ap-
parent change in the effect of calcium salts on potassium availability was 
demonstrated to be partly biological in nature. The data showed that 
sterile, inoculated soils usually contained less available potassium after 
a given incubation period than sterile uninoculated soils and that the 
addition of calcium carbonate increased this depression in available 
potassium. Whether the microorganisms assimilated the potassium or 
exerted a protective effect on the complex, preventing the exchange of 
the potassium by the calcium is not known. However, the conditions of 
reaction and organic matter supply in the high-lime soils are optimum for 
maximum microbiological activity under favorable conditions of moisture 
and temperature. 
The data obtained indicate that the depressive effect of calcium on 
the availability of potassium in soils may be due in part to the action of 
microorganisms. Although no experimental evidence was obtained, some 
of the repressive effect of calcium on the availability of potassium in 
high-lime soils is, no doubt, also due to the depressed hydrolysis of the 
primary potassium bearing minerals and according to the law of mass 
action and chemical equilibrium some of the available potassium may 
revert to an insoluble form. 
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A sudy was made on 251 cultures of the genus Aerobacter. In various 
phases of the investigation 7 to 52 strains of the genus Escherichia and 
4 to 70 strains of the genus Citrobacter were employed for purposes of 
control and comparison. 
· To ascertain the incidence of Aerobacter strains in human feces, 162 
samples (75 male and 87 female) were examined. Of these 46 or 28.4 
per cent yielded the cultures sought. 
Studies of the characteristics of bacteria of the genus Aerobacter 
as compared to the characteristics of the genera Escherichia and Citro-
bacter indicate: 
1. On eosine methylene blue agar (Levine formula) colony char-
acteristics of Aerobacter strains markedly differed from characteristics 
of colonies formed by Escherichia and Citrobacter strains. Of the 251 
Aerobacter strains studied 237 or 94.4 per cent would probably have been 
detected as such by one with some experience. The Citrobacter strains 
formed colonies which more closely resembled the typical Escherichia 
coli than the typical Aerobacter aerogenes. 
2. With regard to the differentiation of the genus Aerobacter from 
other genera of the colon group by physiological characteristics it was 
found that the Voges-Proskauer reaction was perfectly correlated with 
the methyl red test and better correlated with the fermentation of 
sodium malonate than with growth in citric and uric acid media, produc-
tion of H 2S from Difeo protease peptone, and fermentation of cellobiose 
and alpha-methyl-d-glucoside. 
3. Observations of character of growth of colon bacteria in media 
containing various iron salts showed that the function of the salts in 
question was influenced by the constituents of the medium. Ferric citrate 
served as a reactant with aesculetin to form ferric aesculetin in one 
medium and as an indicator for the detection of H 2S production in another 
medium. Ferric ammonium citrate was shown to be the source of ferric 
ion to form Fe (OH) 3 • 
4. The use of high temperatures for differentiation of the genera 
of the colon group was shown to give some correlation between the type 
of organism and gas production when carried out in the ordinary manner, 
that is, inoculated at low temperature and placed in an incubator of 46° C. 
With the temperature of the medium raised before inoculation and main-
tained at 45.5-46° C. the correlation between the type of organisms and 
gas production was not sufficiently great to warrant incubation tempera-
ture as a diagnostic or differential test. 
1 Original thesis submitted December, 1934. 
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5. The reduction of methylene blue by lactose broth cJltures was 
found to be an unreliable criterion for differentiating the genera of the 
colon group. 
6. Potentiometric measurements of oxidation-reduction potentials 
developed by lactose broth cultures of colon bacteria did not offer a 
perfect means of differentiating the genera of the colon group. 
7. The rate of growth and activity of cells were shown to be im-
portant factors in determining the potentials developed by Aerobacter-
Escherichia lactose broth cultures exposed to air. 
8. A rapid and reliable routine test for detecting the production of 
acetyl methyl carbinol in six hour buffered glucose peptone water cul-
tures is described. The technic involves the use of a creatine-KOH (0.3 
per cent ceatine dissolved in 40 per cent KOH) solution. 
Investigations on characteristics of the 251 Aerobacter culture indi-
cated that 88 closely resembled Aerobacter aerogenes, 98 closely re-
sembled Aerobacter oxytocum and 65 closely resembled Aerobacter 
cloacae. 
Based upon a statistical study, the classification of 251 sucrose 
positive Aerobacter strains shows the presence of four species. These 
are Aerobacter aerogenes, Aerobacter oxytocum, Aerobacter cloacae and 
Aerobacter Amesii. 
A description of the new species ( Aerobacter Amesii) is given. 
THE PREPARATION OF ERYTHROSE AND SOME OF ITS 
DERIVATIVES1 
GEORGE E. FELTON 
From the Department of Chemistry, Iowa State College 
Accepted for publication June 12, 1935 
Little attention has been paid to the four carbon sugars because of 
their inaccessibility. All methods of preparation result in low yields of 
impure products. Since the tetroses have been so much neglected little 
is known of their physiological significance. The tetroses are also of 
interest on account of their chemical properties. The four carbon sugars 
can possess no larger than a five membered ring and derivatives with such 
furanose rings are known to be very reactive. 
Erythrose has been prepared by Wohl's2, Ruff's8 Weermann's4, and 
Zemplen's5 methods of degradation. Since the results secured by the ap-
plications of these procedures were unsatisfactory a new degradation 
method was investigated. The method selected had been utilized previ-
ously by Freudenberg6 in the preparation of d-threose. 
1-Arabinose was used as the starting material for the new degrada-
tion. The method involved the following steps: arabinose ~ acetobromo 
arabinose ~ diacetyl arabinal ~ arabinal ~ erythrose. The real degrada-
tion reaction came in the splitting of the unsaturated arabinal by means 
of ozone. The ozone splitting of unsaturated sugars had been used only 
as a means of proving the positions of the double bonds until Freuden-
berg's6 experiments on the preparation of d-threose. 
The formation of erythrose by the cleavage of the ethylenic linkage 
in arabinal was proven by the preparation of erythrosazone. However, 
the compound formed in the greatest amounts was 4-formyl erythrose. 
The treatment of the ozonization product with methyl alcohol containing 
hydrochloric acid produced the dimethyl acetal of 4-formyl erythrose. 
The dimethyl acetal was never secured in a pure condition, however, the 
presence of this compound in the impure product was shown by the 
methoxy content, rotation, changes in rotation on acid hydrolysis, in-
stability, qualitative detection of formic acid, and the removal of the 
formyl group by alkali. A third product from the action of ozone on 
arabinal was separated in the form of a crystalline methyl glycoside. The 
analysis of this glycoside identified it as a methyl desoxypentoside. 
The reaction of 4-formyl erythrose in an aldehyde rather than ring 
structure showed that three or four membered rings were not volun-
tarily formed. The reactions of 3,4,5,6-tetrabenzoyl glucose have shown 
1 Original thesis submitted March, 1935. 
•Wohl, A., Ber., 32: 3666 (1899) . 
•Ruff, 0., and Meusser, A., Ber., 34: 1366 (1901). 
'Weennann, R. A., Rec. trav. chim., 37:15-61 (1917). 
• Deulofeu, V., and Selva, R. J., J. Chem. Soc., 1929, 225. 
•Freudenberg, W., Ber., 65: 168 (1932). 
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likewise that three membered rings were not voluntarily formed7• Sugar 
derivatives with five and six membered rings have been known for a long 
tim and recently compounds with seven membered rings (septanoses) 8 
were announced. The action of 4-formyl erythrose was in agreement 
with the prediction based on the tension theory that the five, six, and 
seven membered rings would be stable and the three and four membered 
rings unstable. 
Acetone methyl erythroside was prepared by treating the product 
from the ozonization of arabinal with acetone and methyl alcohol con-
taining sulfuric acid. The sulfuric acid was neutralized with an excess of 
calcium hydroxide which not only removed the acid but also the formyl 
group from the erythrose. By repeating the treatment several times good 
yields were secured. Acetone methyl erythroside was stable and showed 
no tendency to lose methyl alcohol and form thereby a reducing com-
pound. The stable methoxy group in acetone methyl erythroside was 
very much unlike the labile methoxy groups of 4-formyl erythrose di-
methyl acetal. 
Acetone methyl erythroside was hydrolyzed by dilute sulfuric acid 
to give unsubstituted erythrose. This reaction was carried out under 
mild conditions so that only a very small amount of erythrose was de-
composed. The sugar sirup obtained had a very slight yellow color. The 
rotation of the erythrose had an inital value of [a]o = + 11.5 and an 
equilibrium value of [a]o = +30.5. These specific rotations are approxi-
mately the same as have been reported previously for 1-erythrose pre-
pared by other methods. 
Several new sugar derivatives which occurred as by-products in 
preliminary reactions were also investigated. These products included 
a new acetobromo arabinose, a tetraacetyl desoxypentose disaccharide 
and its deacetylated parent sugar, and dihydro arabinal. 
The new acetobromo arabinose was obtained from the mother liquor 
remaining after the separation of the common ,8-acetobromo arabinose. 
The suspicion that the new compound was a-acetobromo arabinose was 
disproved by its analysis. The bromine analysis agreed with the values 
calculated for a pentaacetylbromo instead of a triacetyl bromo arabinose 
like the common ,8 form . . The carbon and hydrogen analysis also indi-
cated that the compound was a pentaacetylbromo derivative. The acetyl 
determinations showed that the new compound required more sodium 
hydroxide to neutralize the acids formed than would have been needed, if 
the sample had been made up simply of acetic and hydrobromic acids. The 
large amount of alkali neutralized could only be accounted for by the 
formation of acids from the arabinose part of the molecule. This result 
indicated that the arabinose was present in a reactive form, therefore 
an open chain structure was suggested for the compound. 
The tetraacetyl desoxypentose disaccharide was formed as a by-
product in the reduction of ,8-acetobromo arabinose. The disaccharide 
possessed two crystalline forms one melting at 167-169° and the other 
at 185.5°. Neither of the two forms contained any solvent of crystalliza-
tion and both possessed the same rotation in chloroform solution. The 
'Brighl, P., Miihlschlegel, H., and Schinle, R., Ber., 64.2921 (1931). 
• Micheel, F., and Suckfiill, F., Ann., 502: 85-98 (1933). 
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compound would not reduce Fehling's solution until after acid hydrolysis, 
thus showing that the two monosaccharide units were linked through their 
reducing groups. The nature of the compound was established by molecu-
lar weight determinations, carbon and hydrogen, analysis, and acetyl de-
terminations. The acetyl determinations showed the presence of four 
acetyl groups which would allow two acetyls for each monosaccharide 
group. The desoxy groups were thought to be most likely situated on 
the second carbon atoms, therefore the compound probably was tetra-
acetyl 1-ribodesosido 1-ribodesoside. The acetyl groups were removed 
from the tetraacetyl disaccharide by means of barium hydroxide and 
the unsubstituted sugar was isolated as a crystalline compound. The 
melting point was 177-180°, the compound undergoing some decomposi-
tion during the heating. The carbon and hydrogen analysis agreed with 
the values calculated for a desoxypentose disaccharide. The acetyl free 
compound also did not reduce Fehling's solution until after acid 
hydrolysis. 
Dihydro arabinal was formed by the reduction of arabinal in alcohol 
solution using palladium black as a catalyst. The reduced compound was 
a colorless sirup that distilled at 83-85° under a pressure of 1 mm. The 
dihydro arabinol was a stable compound and possessed a rotation in water 
solution of [a]n = + 48.3. 
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Analyses of the copper and iron content of the tissues of many species 
of animals under varying conditions are to be found in the literature, 
but these analyses are difficult to compare because of the lack of of simi-
larity of plan by the several investigators. Not only the type of experi-
mental animal used and the age and condition of the animal, but also the 
type of diet and the method of analysis employed, varied markedly. The 
purpose of this thesis was to provide a fundamental and systematic study, 
under controlled conditions, of the storage and distribution of copper and 
iron in the whole rat and in its various tissues, as influenced by age, sex, 
length of experiment, amount of copper and iron in the diet, and some 
abnormal conditions such as anemia and starvation. 
The animals were fed a whole milk ration with varying amounts of 
copper and iron added in the form of copper sulfate and ferric chloride, 
respectively. When very large amounts (5 to 30 mg.) of copper were fed, 
the necessary amount of copper sulfate solution was thoroughly mixed 
with a weighed amount of the Steenbock stock ration and fed to the ani-
mals in place of the milk diet. All analyses for copper were made by the 
sodium diethyldithiocarbamate method and the potassium thiocyanate 
method was used for the iron determinations. In the case of the tissues, 
the copper and iron determinations were made on the same sample. 
The per cent of copper and iron in rats receiving milk together with 
0.05 mg. of copper as copper sulfate and 0.5 mg. of iron as ferric chloride 
daily was found to decrease with age, although the total number of milli-
grams of copper and iron present actually increased. Excess amounts of 
copper were added to the milk and iron ration in dosages varying from 
0.1 to 2.0 mg. daily. When 0.1to1.0 mg. of copper were administered, a 
point of maximum storage of copper occurred after a time interval which 
was shortened by the larger dosages. When 2.0 mg. of copper were fed, 
both copper and iron showed a maximum storage during the first month, 
minimum retention in the second month, and subsequently increasing 
values. Five milligrams of copper added daily to the Steenbock stock 
diet produced in the animals the same type of storage as 2.0 mg. of copper 
administered with a milk and iron diet. When 15 and 30 mg. of copper 
were fed in the Stennbock ration, the copper content of the animals con-
tinually increased and the rats finally died. The female rats exhibited a 
distinct tendency to store a larger percentage of copper and iron than did 
the males. 
The amount of copper in the diet did not permanently affect the re-
tention of iron in healthy rats. However, when the animals were· fed milk 
plus 0.5 mg. of copper with varying amounts of iron daily, it .was f<?und 
1 Original thesis submitted June, 1935. 
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that increased iron tended to increase the copper storage and decrease 
that of iron. When rats were fed milk with 0.5 mg. of copper and 5.0 mg. 
of iron daily over a period of time, the copper storage reached a maximum 
at three months and the iron storage decreased, except in the oldest 
animals. 
Anemic animals were found to store copper and iron very rapidly 
The retention of copper was increased when the copper dosage was made 
larger, if iron was administered at the same time. The retention of iron 
also increased with the larger copper dosages. Starvation did not greatly 
deplete the copper and iron reserves. 
Seventeen organs and tissues were studied in growing rats, adult 
rats, and those approaching middle age, on two different levels of copper. 
These tissues included the blood, long bone of the leg, incisor teeth, 
striated, smooth and cardiac muscles, brain, kidney, skin and hair, lung, 
liver, spleen, suprarenal and thyroid glands, pancreas, ovary and testis. 
The copper and iron contents of blood, the long bones, striated muscle, 
and skin and hair remained' constant under the experimental conditions. 
The copper content of the brain, lung, spleen and testis, and the iron con-
tent of the incisors, smooth muscle, kidney and liver · were likewise 
constant. 
Time decreased the iron content of cardiac muscle, suprarenal and 
thyroid glands, and the ovary. The iron content was increased by copper 
administration in the case of cardiac muscle, brain and thyroid gland; 
and it was decreased in the lung, spleen and ovary. Temporary increases 
in the per cent of iron of the pancreas and testis were caused by copper 
feeding. 
The copper content of the incisors, smooth and cardiac muscles, supra-
renal and thyroid glands, and pancreas was diminished by time. Large 
increases of copper took place in the ovary as the animal matured. In-
creased copper administration had the effect of increasing the copper 
content of the kidney, liver, suprarenal gland, and ovary; and it had 
the effect of diminishing the percentage of copper in smooth and cardiac 
muscles and the thyroid gland. 
THE EFFECTS OF CALCIUM CHLORIDE UPON THE HYDROLYSIS 
OF PURE COMPOUNDS OF CEMENT1 
GEORGE HENRY McINTOSH 
From the Department of Chemistry, Iowa State College 
Accepted for publication June 12, 1935 
When Portland cement is mixed with water it hardens or "sets" and 
becomes artificial stone. Various substances have been recommended and 
used for regulating this setting process but today the only materials used 
as admixtures are CaS04 and CaCL2. The presence of CaS04 not only 
retards the setting process but also gives an increase in strength of the 
resulting cement. Calcium chloride is unlike CaS04 in its action. By 
using three parts or less of CaC12 to 100 parts of Portland cement a high 
early strength and a speedier curing cement is obtained. The exact role 
of CaCb in speeding up this setting process has been a subject for a great 
deal of research. Several theories have been presented regarding its 
action but as yet no very satisfactory answer has been given. 
The purpose of this research was to study the effects of CaCb upon 
the pure bodies that go to make up a normal cement clinker. If the effects 
of CaC12 upon the pure compounds are known, its action upon cement 
itself can be much better understood. 
The study of a normal Portland cement clinker by the phase equilibria 
and X-ray methods shows that the principal constituents are 3Ca0 . Si02 
and ,82Ca0.Si02. There is also normally present in smaller amounts 
3Ca0 . Ab03 , 4Ca0 . Al20 3 • Fe203, MgO and a trace of free lime. 
EXPERIMENTAL 
The pure compounds studied in this research were 3Ca0.Si02, 
3Ca0.Al20 3 , ,82Ca0.Si02 and y2Ca0.Si02. The materials used in pre-
paring these compounds were CaC03 , Al20 3 and Si02. These materials 
were ground to pass a 200 mesh sieve and analyzed before being used. 
The pure constituents were prepared by mixing weighed quantities 
of the raw materials in the proper proportions and burning in a gas-fired 
crucible furnace. The high temperatures required were obtained by 
means of a special blast ' burner and a gas enriched with benzene. The 
resulting compounds in each case were ground to pass a 200 mesh sieve, 
mixed and reheated to insure homogeneity. The product obtained after 
the second burning was ground and mixed but analyzed before reheating. 
In case the analysis did not check the theoretical values, the samples were 
made up to these values by the addition of the necessary amount of the 
raw material. The procedure of heating, grinding and analyzing was con-
tinued until the theoretical composition of the compounds was obtained 
and no free lime was present. The compounds were also examined micro-
scopically to test their purity. 
The effects of CaC12 upon the four compounds were measured by 
the rate of hydrolysis. Twelve CaC12 solutions ranging in concentrations 
1 Original thesis submitted December, 1934. 
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from 0.001 per cent to 10.00 per cent were used in this study. In the first 
part of the experiment a study was made of the rate of hydrolysis when 
the CaCb solutions were saturated with Ca (OH) 2 while in the latter 
part of the experiment the CaC12 solutions were not saturated with 
Ca (OH) 2. A duplicate series of samples was run to serve as a check. 
Also pure Ca (OH) 2 was used in the same amount of each of the CaCl2 
solutions and in boiled distilled water as standards of comparison. 
The OH ion concentrations of the resulting solutions were determined 
at 25° C. by the electrometric method with a saturated calomel half cell, 
saturated Agar-KCl bridge and a platinum-platinum black electrode. A 
Leeds and Northrup Type K potentiometer was used. 
A comparison of the effects of the various CaC12 solutions upon the 
four compounds was made graphically by plotting the pH as ordinate 
against time in days as the abscissa. In the case of the solutions saturated 
with Ca (OH) 2 it was found that the CaCb solutions with a concentration 
less than 0.35 per cent accelerated the rate of hydrolysis of 3Ca0.Ab0s 
and 3Ca0.Si02 but retarded the hydrolysis of ,B2Ca0.Si02 and 
y2Ca0.Si02. The CaC12 solutions more concentrated than 0.35 per cent 
retarded the rate of hydrolysis of all four compounds studied. 
Tricalcium aluminate differs from the silicates in its reaction with 
CaC12• In the hydrolysis a maximum pH is attained after which there is 
a decrease in this value. This can be explained by the fact that 
3Ca0 . Al20 3 reacts with CaC12 to form double salts such as 3Ca0 . AbOa . 
CaCbXH20. 
The data show that as the concentration of the CaC12 solutions in-
creases the pH of the Ca (OH) 2 solutions is lowered. An explanation of 
this is that CaC12 reacts with Ca (OH) 2 to give basic salts such as 
CaO . CaCl2 XH20. Thus the formation of these soluble, non-ionized salts 
causes a lowering of the pH. 
The second part of the experiment dealing with CaCl2 solutions not 
saturated with Ca (OH) 2 shows that the CaCb solutions accelerate the 
hydrolysis only of 3Ca0.Si02. The hydrolysis of the 3Ca0.Ab03 , 
,82Ca0.Si02 and y2Ca0.Si02 is retarded by all concentrations of CaCb 
solutions. 
It is a well known fact that when a small amount of CaCb is used 
as an admixture in cement, it accelerates the setting process, and the 
final strength of the cement is increased. The normal setting process, 
according to the colloidal theory of cement, begins with the coagulation 
of the colloidal silicates and aluminates present. A certain Ca ion con-
centration is necessary before this process takes place. The catalytic 
effect of the CaCb on cement is to increase the rate of hydrolysis of the 
compounds in the clinker which results in the rapid attainment of the 
Ca ion concentration necessary for the setting process. The transforma-
tion of these coagulated silicates and aluminates into crystalline bodies 
gives the strength to the cement. 
THE IONIZATION CONSTANTS OF SOME SECONDARY AMINES 
IN METHANOL1 
CHARLES Lours MEHLTRETTER 
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Accepted for publication June 12, 1935 
Ionization constants have been used as a measure of the relative 
electronegativity of organic radicals when the latter are linked to identi-
cal polar groupings and the ionizations occur in a common solvent. By 
this means the orders of electronegativity of the organic radicals substi-
tuted in the series RNH2 , RCH2COOH, RHgX, 
I 
"' / ' N 
R 
I 
R"- / ' N 
H 
have all been found to be alike2• 
I R"- / 
N 
CHa 
and 
II R"- / 
N 
H 
Most of the work on ionization has been done in water and it seems 
that its effect on equilibrium reactions has not always been recognized. 
Some recent investigators3 , however, have emphasized the possible dis-
turbing effect of the solvent on the values of equilibrium constants. 
Other investigators, Goodhue and Hixon4 and Goldschmidt and co-
workers~, have shown that the variations in the relative basicities of a 
series of compounds are approximately the same in different solvents. 
Bronsted's6 interpretation of the role of the solvent in dissociation 
has thus been substantiated to some degree, but more data are necessary 
for the proper elucidation of the problem. 
In this work the ionization constants of several series of secondary 
amines and a series of a-substituted N-methylpyrrolidines have been 
measured in methanol to ascertain whether the order of polarity of the 
radicals substituted coincides with that for the various series mentioned 
above and also to learn more about the effect of the solvent on the 
electrical properties of organic compounds. 
The secondary amines are represented by the RNHCH3, RNHC6H5, 
and (R) 2NH series which contain the radicals methyl, i-butyl, {3-hy-
droxyethyl, benzyl, p-anisyl, p-tolyl, phenyl and a-naphthyl. 
' Original thesis submitted December, 1934. 
• Hixon and Johns, J. Am. Chem. Soc., 49: 1786, 1789 (1927) ; Johns, Peterson and 
Hixon, J. Phys. Chem., 34: 2218 (1930) ; Craig and Hixon, J. Am. Chem. Soc., 53: 4368 
(1931) ; Craig, ibid., 55: 2543-50 (1933); Starr, Bulbrook and Hixon, ibid., 54: 3971 
(1932) . 
• Conant, Ind. Eng. Chem., 24: 466-472 (1932). 
• Goodhue and Hixon, J . Am. Chem. Soc., 56: 1329 (1934). 
' Goldschmidt and Mathieson, Z. physik, Chem., 119: 439 (1926). 
"Bronsted, Chem. Rev., 5:292 (1928). 
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The a-substituted N-methylpyrrolidines contain the radicals methyl, 
ethyl, n-propyl, n-butyl, p-anisyl, phenyl, p-chlorophenyl and ,8-pyridyl. 
The order of relative electronegativity found for several of the 
radicals substituted in the RNHC6H 5 and (R) 2NH series has been com-
pared with that obtained from the dissociation data of Goldschmidt and 
Bader7 for a group of radicals in the a-diaryl substituted ,B-benzoyltetra-
zanes, [ (R) 2N-NCOC6H5] 2. 
EXPERIMENTAL 
PREPARATION OF COMPOUNDS 
Absolute methyl alcohol was prepared by the method of Hartley 
and Raikes8• 
The following compounds were obtained from the Eastman Kodak 
Company and were purified before being used: methyl-aniline, methyl-p-
toluidine, phenyl-a-naphthy lamine, methy 1-a-naphthylamine, diphenyl-
amine, benzylaniline, di-p.-butylamine, dibenzylamine and di- (,B-hydroxy-
ethyl) -amine. 
The method of Goldberg9 was used with some modifications for the 
synthesis of p,p'-dianisylamine, p,p' -ditolylamine, p-methoxydiphenyl-
amine and p-methyldiphenylamine. 
,B-Hydroxyethylaniline, n-butylmethylamine, ,8-hydroxyethylmethyl-
amine and methyl-p-anisidine have been prepared from directions in the 
literature.10 
The criteria of purity for the compounds were boiling points and 
melting points; neutralization equivalents were also used where it was 
possible to obtain them. 
In the series of compounds used, all purified liquids were immediately 
sealed in weighed ampules. All crystalline compounds, after purification, 
were dried in vacuo over calcium chloride for a day and then kept in a 
vacuum desiccator over phosphoric anhydride. 
MEASUREMENT OF IONIZATION CONSTANTS 
The ionization constants were measured by means of a hydrogen 
electrode and a calomel half-cell containing 0.1 formal sodium chloride 
in methanol. Measurements were made on two solutions of each com-
pound in an air thermostat at 25° + 0.1° and each reading was checked 
with a duplicate hydrogen electrode. 
The amines were half neutralized with a standard methanol hydro-
gen chloride solution which was always used within three hours after 
preparation. The concentrations of all solutions of the amines were de-
termined accurately and were about 0.05 molal. 
Two methanol calomel half-cells of e.m.f. 0.0449 volt and 0.0437 volt 
referred to the silver-silver chloride were used. 
7 Goldschmidt and Bader, Ann., 473: 137 (1929). 
8 Hartley and Raikes, J. Chem. Soc., 524 (1925). 
• Goldberg, Ber., 46: 4541 (1907). 
10 Rindfusz and Harnack, J. Am. Chem. Soc., 42: 1725 (1920); Graymore, J. Chem. 
Soc., 1355 (1932); Dains and co-workers, J. Am. Chem. Soc., 47: 1982 (1925); Spaeth 
and Brunner, 58: 522 (1925). 
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The e. m. f. of the silver-silver chloride electrode referred to the normal 
hydrogen electrode in methanol was calculated to be 0.0711 volt by Buck-
ley and Hartley11 and was added to the voltage of the calomel half-cell 
to refer the latter to the normal hydrogen electrode. 
The method and technique used and the calculations involved in the 
determination of the ionization constants has been described by Goodhue 
and Hixon4 • 
DISCUSSION OF RESULTS 
The pKb values (-log Kb ) of all of the secondary 
CHaOH CHaOH 
amines investigated give an order of relative electronegativity for the 
substituted organic radicals which corresponds to that for the radicals 
in the series previously reported (1). 
The ionization constants of the symmetrical secondary amines indi-
cate an order of polarity for the (Rh- series which is the same as that 
for the R - series mentioned above. 
In general, the dissociation constants of Goldschmidt and Bader's a-
diaryl substituted ,8-benzoyl tetrazanes aline themselves in an order 
which corresponds to that for the similarly substituted diphenylamines. 
The curves obtained by plotting pKb values of the various 
CHsOH 
series investigated as ordinates against the electron-sharing ability of 
the substituted organic radicals as abscissas were found to be parallel to 
those drawn from the pKb values of the same compounds in water. The 
solvent and radical effects may be concluded to be constant for each 
series. 
11 Buckley and Hartley, Phil. Mag. [7], 8: 320 (1929). 
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The present investigation was undertaken to secure information con-
cerning the changes in free energy when d-xylose, furfural and some of 
the products formed by the hydrogenation of furfural were converted into 
each other. The substances studied were furfural, furfuryl alcohol, tetra-
hydrofurfuryl alcohol, pentane 1, 5 diol and d-xylose. The free energies 
were calculated from the entropy and the heat of formation. 
The entropy above 90°K was determined by graphical integration of 
the area under the curve formed by plotting the molal heat capacity 
divided by the absolute temperature against the absolute temperature. 
Heat capacities were determined from 100°K to 273°K or to 298°K. 
The determinations were made in two ranges, one from 100°K to 220°K, 
the other from 190°K to 273°K. In the first range the calorimeter was sur-
rounded by liquid air, and in the second range by solid carbon dioxide. 
The calorimeter consisted of two coaxial gas tight brass cylinders. The 
small inner cylinder which contained the sample was suspended inside the 
larger cylinder by silk threads. A heating coil of 125 cm. of No. 31 con-
stantan wire was wrapped around the inner container. An electrical cur-
rent passing through the coil raised the temperature of the container and 
the sample. The voltage drop across the coil was measured by a potenti-
ometer and was kept constant by a variable resistance. The temperature 
change was measured by a calibrated copper constantan thermoelement 
connected to a student potentiometer. The pressure of the gas in the ·space 
between the inner and outer cylinders was bept below 0.1 micron by a 
vacuum system composed of a mercury diffusion pump backed by a Hyvac 
oil pump. The apparatus was calibrated with naphthalene using the data 
of Southard and Brickwedde.4 
The entropy below 90°K was determined by substituting the proper 
values in the equation of Kelly, Parks and Huffman.2 
90 
ASno = AS0 90 + B f CpdT 
0 
sis the entropy at 90°K, S 0 90 and Cp0 are data characteristic of classes of 
substances, aliphatic or cylic. A and Bare constants found by substituting 
experimentally determined values at two temperatures, as 110°K and 
120°K, and solving the resulting equations simultaneously. 
In the heat capacity determination from 90°K to 273°K, three com-
pounds had a transition temperature. Table 1 gives the values. The 
entropy change of the fusion was obtained by dividing the heat of fusion 
by the absolute temperature. 
1 Original thesis submitted December, 1934. 
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TABLE 1. 
Transition AH of AS of 
Compound temperature fusion fusion 
Furfural 235.1 3434 14.60 
Furfuryl alcohol 253.5 3540 13.58 
Pentane, 1, 5 diol 248.0 3759 15.15 
Table 2 gives the entropy values. The change in entropy in the for-
mation of a compound was found by subtracting the absolute entropy 
values for the elements in each compound from the molal entropy. 
TABLE 2. 
AS AS molal 
0 to 90 90 to entropy AS AS 
Compound calc. 298.16 298.16 elements 298.16 
- ----
Furfural 12.52 24.98 52.10 -109.55 - 57.45 
Furfuryl alcohol 10.27 27.65 51.50 -125.16 - 73.66 
Tetrahydrofurfuryl alcohol 10.81 41.61 52.42 -187.62 -135.20 
Pentane 1, 5 diol 18.76 42.91 76.82 -218.85 -142.03 
~'.'_xylose 7.50 26.81 34.30 -224.4 -190.1 
-----·-· - . 
The heat of formation of each compound was found by subtracting the 
sum of the heats of combustion of the elements in the compound from the 
heat of combustion of the compound. The heats of combustion were de-
termined for furfural and pentane 1, 5 diol by burning them in an Emerson 
fuel calorimeter. The calorimeter was standardized by benzoic acid ob-
tained from the Bureau of Standards. The heat of combustion at constant 
volume was found to be 558.3 kilogram calories for furfural and 752.3 
kilogram calories for pentant 1, 5 diol. The equation used for the deter-
mination of the free energy change is: 
AF=AH-TAS 
AF is the free energy change, AH is the heat of formation, AS is the entropy 
change and T the absolute temperature. 
These data are given in table 3. 
TABLE 3. 
AHCp 
combustion AH 
kilogram ~AH formation -TAS= AF 
Compound cals. elements calories cals. cals. 
Furfural 560.3 (3) 607.8 - 47,520 15,536 - 31,984 
Furfuryl alcohol 609.0 (3) 676.1 - 67,130 21,965 - 45,165 
Tetrahydrofurfuryl alcohol 709.5 (3) 812.8 -103,250 40,320 - 62,930 
Pentane 1, 5 diol 754.5 (3) 857.1 -105,060 42,345 - 62,715 
d-xylose 561.0 (1) 796.8 -235,750 57,000 -178,750 
From the free energy values given in table 3, the standard free energy 
changes at 25° were calculated for the reactions shown in table 4. The 
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standard free energy is the change in free energy when one mole of prod-
uct is formed at 25°, from reactants and products at the standard free 
energy state. A pure liquid or solid is in the standard free energy state. 
Hydrogen gas present at a partial pressure of one atmosphere is in its 
standard state. The free energy change was found by subtracting the free 
energy of the reactants from the free energy of the products. The free 
energy value of water is -56,560. Table 4 gives the standard free energy 
of the reactions indicated. 
Reactant 
d-xylose 
Furfural + H, 
Furfuryl alcohol + 2H. 
Furfural + 8H2 
TABLE 4. 
Product 
furfural + 3 H,O 
furfuryl alcohol 
tetrahydrofurfuryl ale. 
pentane 1, 5 diol 
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Although extensive experiments have been conducted with the leg-
ume root nodule bacteria, no acceptable theory has been advanced to 
explain the specificity of the organisms in nodule production. Different 
species may show similar morpohological and cultural characteristics, and 
yet be unable to bring about nodulation upon any plants except the par-
ticular hosts. 
It has been shown that the grouping of legume bacteria on the basis 
of cross-inoculation is similar to that indicated by serological reactions in 
cross-agglutination. The suggestion has also been made that certain 
materials given off by the roots of leguminous seedlings at a certain stage 
of development stimulate the formation of nodules. It has been shown 
further that the different species of rhizobia differ in their ability to 
utilize carbonaceous materials. In view of these facts it seems probable 
that studies of carbohydrate dissimilation will yield information of con-
siderable value in the search for an explanation of the specificity of the 
several species. 
The relative utilization of nitrate and ammonium nitrogen by the 
various organisms may suggest an explanation of the mechanism of nitro-
gen fixation. A more or less commonly accepted theory of nitrogen fix-
ation is that the phenomenon occurs through the reduction of elemental 
nitrogen. 
Inasmuch as the organisms of this group grow aerobically, using 
molecular oxygen chiefly as a hydrogen acceptor, the amount of oxygen 
consumed should provide an accurate index of the extent of carbohydrate 
u tiliza ti on. 
The investigations reported here have been concerned with (1) the 
rate and extent of oxygen consumption by the root nodule organisms 
grown on various carbonaceous materials, (2) the influence of nitrate 
and ammonium nitrogen on respiratory activity, and (3) the complete-
ness of oxidation of substrates by the organisms in the respiration process. 
Rhizobium meliloti, the alfalfa root nodule organism, and Rh. japoni-
cum, the soy bean organism, were used in this work. 
The consumption of oxygen was measured by the use of blood gas 
micromanometers of the Warburg type. The inocula were prepared from 
cultures of the organisms grown for 3 to 4 days in a glucose-yeast-extract 
medium. The cells were removed from the medium by centrifuging and 
were washed in sterile NaCl solution. The basic mineral salt medium 
was the same throughout the experimental work. A suitable carbonaceous 
material and either nitrate or ammonium nitrogen were added as indi-
cated in the various experiments. All experiments were conducted in 
duplicate and the data presented represent averages of closely agreeing 
duplicates. 
1 Original thesis submitted March, 1935. 
[95] 
96 O.R.NEAL 
The relative suitability of the different carbonaceous materials has 
been determined from the volume of oxygen consumed by the organisms 
on the various substrates. The amount of oxygen consumed in a glucose 
medium was taken as 100 per cent and all other values were calculated in 
percentage of this figure. The extent of oxidation of the various sub-
strates which could be brought about by these organisms was determined 
by comparing the volume of oxygen actually consumed with the volume 
which would be required for complete oxidation of the particular com-
pound to carbon dioxide and water. 
The amount of oxygen consumed by the organisms when suspended 
in a NaCl solution served as a control in all experiments. This endo-
genous respiration is carried on at the expense of energy materials stored 
within the cells. 
SUMMARY 
No significant differences were observed in the rate and extent of 
oxygen consumption by Rhizobium meliloti, the alfalfa root nodule or-
ganism, in media containing glucose, mannitol, and sucrose. The total 
amount of oxygen consumed on each of the three substrates was con-
siderably greater with ammonium nitrogen than with nitrate nitrogen. 
Galactose and arabinose were decidedly superior to glucose for util-
ization by Rh. meliloti on both nitrate and ammonium media. 
Maltose, lactose, inositol, dulcitol, and sorbitol with either form of 
nitrogen and raffinose and erythritol with ammonium nitrogen were de-
cidedly inferior to glucose as a source of energy for Rh. meliloti. In media 
containing nitrate nitrogen, raffinose and erythritol permitted approxi-
mately the same degree of respiratory activity by this organism as did 
glucose. 
Ammonium nitrogen seemed more suitable for utilization by Rh. 
meliloti than nitrate nitrogen, as measured by the total consumption of 
oxygen. 
Arabinose was distinctly superior to all the other carbonaceous 
compounds studied, as a source of energy for Rh. japonicum, the soy bean 
root nodule organism. 
Glucose, galactose and xylose permitted approximately equal amounts 
of oxygen consumption by Rh. japonicum in media containing nitrate 
nitrogen. The total volume of oxygen consumed on each of these sub-
strates was slightly less than half of the volume consumed in an arabinose-
nitrate medium. 
Mannitol, mannose, maltose, glycerol, lactose, sucrose, and erythri-
tol were utilized only slightly or not at all by Rh. japonicum under the 
conditions of this experiment. 
Nitrate nitrogen seemed more suitable for utilization by Rh. japoni-
cum than ammonium nitrogen, as determined by the total consumption 
of oxygen. 
Glucose and mannitol in concentrations of 1/3, 2/3, and 1 gram per 
liter were oxidized to from 30 to 34 per cent of completion by Rh. meliloti 
when ammonium nitrogen was present. 
Glucose and arabinose in concentrations of 1/3, 2/3, and 1 gram per 
liter were oxidized to from 36 to 42 per cent of completion by Rh. japoni-
cum when nitrate nitrogen was present in the media. 
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Glucose is fermented by Clostridium butylicum (Beijerinck) Donker 
with the production of 27 per cent of butyl alcohol and seven per cent of 
isopropyl alcohol. Carbon dioxide and hydrogen are always formed, and 
butyric and acetic acids are produced in quantities which vary with 
changes in environmental conditions. 
CZ. butylicum is unable to hydrolyze native proteins, and good 
growth is obtained only in the presence of partially hydrolyzed proteins 
such as peptone and the nitrogenous substances in malt sprouts and corn 
steep water. Bacterial growth and the quantities of glucose fermented 
are roughly proportional to the degree of hydrolysis of the nitrogenous 
substrates. Four grams of glucose can be fermented in the presence of 
0.24 gm. of peptone nitrogen, of which 23.0 per cent is in the amino acid 
form; whereas 6.0 gm. of glucose can be fermented in the presence of 0.24 
gm. of hydrolyzed peptone nitrogen (85 per cent in the amino acid form). 
Gelatin, casein, zein and crude corn gluten gave similar results. Malt 
sprouts and corn steep water serve efficiently as sources of nitrogen. 
None of the amino acids is essential for growth. Fermentations were 
successfully carried out in the presence of the monoamino acids which 
had been extracted from casein with butyl alcohol. Alanine and leucine, 
glutamic acid and tyrosine, leucine alone and alanine alone support fer-
mentation, but the results are variable and cannot always be duplicated. 
The organisms sporulate more freely if tryptophane is present, but the 
yields of alcohols are not increased. 
The work of Reilly (1920) and his associates, of Speakman (1920) and 
of Donker (1926) with CZ. acetobutylicum established the following 
chemical relationships. Acetic and butyric acids appear early in the fer-
mentation. The acetic acid is converted into acetone and the butyric acid 
is reduced to butyl acohol. In the presence of calcium carbonate no acetone 
or alcohols are produced, the acids accumulating as the calcium salts. In 
the latter case two moles of carbon dioxide are formed for each mole of 
glucose fermented and the hydrogen obtained is the sum of twice the 
moles of sugar fermented plus the moles of acetic acid produced. CZ. 
butylicum differs from CZ. acetobutylicum in that the acetone formed is 
reduced to isopropyl alcohol; there is no accumulation of acids in the early 
stages of fermentation, and alcohols are produced in the presence of cal-
cium carbonate. If the medium is buffered above pH 6.3 the salts of acetic 
and butyric acids are formed. 
If acetic acid is added to fermenting glucose it is converted into iso-
propyl alcohol, but its presence in the medium changes the course of the 
glucose fermentation in such manner as to bring about the formation of 
1 Original thesis submitted December, 1934. 
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more four-carbon compounds from the glucose. Butyric acid, added to 
fermenting glucose, is reduced to butyl alcohol, but the course of the 
glucose fermentation is shifted so that more acetic acid and isopropyl 
alcohol are formed. The carbon dioxide and hydrogen balances show that 
acetic acid is not formed from the butyric acid added. 
If pyruvic acid is fermented it yields a mixture of acetic and butyric 
acids and carbon dioxide; if it is added to fermenting glucose there is a 
corresponding increase in acetic and butyric acids and carbon dioxide (or 
of their products, isopropyl and butyl alcohols). The exact ratio of acetic 
to butyric acids produced from the pyruvic acid (in the presence of glu-
cose) cannot be determined because of the shift in equilibrium between 
the acetic and butyric acids produced from glucose. 
The addition of acetaldehyde to fermenting glucose leads to the pro-
duction of ethyl alcohol and acetylmethylcarbinol. In normal glucose 
fermentation by CZ. butylicum, ethyl alcohol is produced only in small 
quantities (one to two per cent) and acetylmethylcarbinol has never been 
detected. Acetaldehyde cannot be isolated from glucose fermentations 
as it can when glucose is fermented by such organisms as E. coli, B. mace-
rans, B. acetoethylicum and others which normally produce ethyl alcohol, 
acetylmethylcarbinol and 2, 3-butyleneglycol. The proposed chemical 
mechanisms which postulate acetaldehyde as the chief intermediate 
product in butyl alcohol-acetonic fermentations are based on the latter 
types of fermentation given above. 
The following reactions can account for the chemical transformations 
in the butyl-isopropyl alcohol fermentation: 
C6H1206~2CaH60a 
glyceraldehyde 
2CaH60a~2CH3COCOOH + 4H 
2CH3COCOOH~CH3CH2CH2COOH + 2C02 
CHaCH2CH2COOH + 4H~CHaCH2CH2CH20H + H20 
CHaCOCOOH + H20~CHaC (OH) 2COOH~CHaCOOH + C02 + H2 
2CH3COOH~CH3COCH2COOH + H20 
CH3COCH2COOH + 2H~CH3CHOHCHa+ C02 
CH20HCHOHCHO~CH3COCHO + H20~CH3CHO + HCOOH 
CH3CHO + 2H~CH3CH20H 
HCOOH~H2 + C02 
2H~H2. 
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The investigations here reported were undertaken for the purpose of 
examining the effect of some environmental factors on the yeast enzyme 
complex which brings about alcoholic fermentation. Zymin was chosen 
as the yeast enzyme source. Essentially zymin is yeast from which the 
acetone and ether soluble fraction has been removed by extraction. This 
preparation is quite incapable of growth or reproduction, and hence con-
tains no living yeast cells, but contains the enzymes in an active state. 
Certain phases of the work were repeated with dried yeast. 
The influence of the salts NH4Cl, MgS04 , CaCb, KCl and NaCl on the 
activity of zymin as measured by the rate of C02 evolution was investi-
gated. Under the conditions of the experiments there existed an optimum 
concentration for each salt which increased the rate of C02 evolution 
from a zymin reaction mixture. Concentrations were such that no in-
duction period occurred and the maximum rate was attained during the 
first thirty minutes. During the 30 to 90 minute period the rate was more 
constant but gradually decreasing. The salt activation was divided into 
the effect on the initial, maximum rate, and the effect on the gradually 
diminishing steady rate. NH4Cl and MgS04 caused a marked increase in 
both rates; NaCl and KCl increased the initial rate appreciably but had 
little effect on the steady rate; CaC12 increased the steady rate but had 
little effect on the initial rate. When the two most potent salts, NH4Cl 
and MgS04 were added together the increase in rate was not equal to 
the sum of the increases caused by each when added separately. When 
inorganic phosphate was added to a fermentation mixture the expected 
increase in the rate of C02 evolution occurred. When either NH4Cl or 
MgS04 was added along with phosphate a higher rate was observed. 
Activation of the zymase enzyme complex by salts is contrary to the 
"salt effect" of Harden and Henley (1921), who concluded that salts have 
a depressing effect on the enzymes concerned with both esterification of 
phosphate and liberation of organic phosphate. These authors based their 
conclusions on experiments made with zymin in the presence of 0.25 and 
0.4 M. NaCl and Na2S04 , and these concentrations are much greater than 
. the optimum concentration of any salt used in this investigation. 
When a smaller concentration of zymin was used an induction period 
occurred during which no C02 was evolved. All of the salts which in-
creased the rate of C02 production shortened the length of this induction 
period when added to a reaction mixture. The potencies of the cations in 
shortening the period were in the order N~+ > 1/2 Mg++> Na+> 
K + > 1/2 Ca++ > control. This confirms the work of Katagiri and Y ama-
1 Original thesis submitted June, 1935. 
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gishi (1929), who found almost the same order or potency for shortening 
the induction period with dried yeast. 
The optimum pH for zymin activity during the first 90 minutes was 
found to be 5.8-6.2, and is therefore somewhat more sensitive to changes 
in the hydrogen ion concentration than is living yeast, dried yeast, or yeast 
juice. This is approximately the pH value reported by Mahdihasson 
(1930) for the interior of the yeast cell. 
The rate of C02 production by zymin was found to be 34 per cent 
greater in a 2 per cent glucose solution than in a 12 per cent solution. 
This is typical of enzymatic reactions, but is a much greater variation 
than has been reported previously for a yeast enzyme preparation. 
The effect of ethanol on the activity of zymin and dried yeast was 
investigated. The relationship between the relative rate (rate with pure 
water= 100) and the percentage ethanol added was found to be linear 
for both yeast preparations. However, a concentration of 13.5 per cent 
ethanol was necessary to decrease the relative rate of C02 production 
by a dried yeast reaction mixture to 50, whereas 1.8 per cent was suffi-
cient for a zymin reaction mixture. Data of Rahn (1929) indicate that 
the relation between relative rate and percentage ethanol is also linear 
for living yeast, and that 6.5 per cent ethanol reduces the relative rate to 
50. Addition of inorganic phosphate did not decrease the inactivation of 
zymin by ethanol. NH4Cl caused a much larger percentage increase in 
the rate of C02 production in the presence of added ethanol than in its 
absence, while MgS04 brought about the same percentage increase in 
either case. 
Another part of the investigation had to do with the influence of 
environmental factors on the inorganic phosphate content of zymin and 
dried yeast fermentation mixtures. It was found that the optimum pH 
for the disappearance of inorganic phosphate from the medium was 
6.2-6.4. This agrees with the value given by Euler and Nordlund (1921) 
for the synthesis of hexosephosphates by yeast enzymes. 
When the zymin concentration was so large that no induction period 
occurred the inorganic phosphate content reached a minimum value 
within 30 minutes. NH4Cl increased the rate of disappearance. However, 
the normal rate was too great for convenient determination of the effect 
of other salts. Therefore lower concentrations of zymin were used, and 
the normaf rate of disappearance of phosphate was slower. The salts 
NH4Cl, MgS04 , KCl and NaCl markedly decreased the time which 
elapsed before the inorganic phosphate content reached a minimum value. 
The potencies of the cations were in the order NH4+ > 1/2 Mg++> Na+> 
K+ >control> 1/2 Ca++. 
Ethanol greatly increased the time necessary for esterification of in-
organic phosphate in a zymin reaction mixture, and increased the constant 
minimum value of the inorganic phosphate content. Ethanol had little 
influence on the disappearance of inorganic phosphate from a dried yeast 
fermentation mixture. These results were expected from a comparison 
of the effect of ethanol on C02 production by zymin and dried yeast. In 
the presence of ethanol the salts NH4Cl, NaCl and KCl decreased the 
minimum, constant, inorganic phosphate content in the order NH4+ > 
Na+ > K+, while MgS04 and CaC12 slightly increased this value. 
On the basis of the results obtained it is suggested that salts activate 
that part of the zymase enzyme complex which has to do with esterifica-
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tion of inorganic phosphate and sugar, and in some cases that part which 
has to do with the release of organic phosphate. It is further suggested 
that ethanol seriously interferes with the phosphate esterifying mechan-
ism of zymin, and hence with C02 production, because some protective 
substance is extracted in its preparation, and because of a fundamental 
change in the physico-chemical system. 
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Investigations were made concerning the effect of concentration 
of boric acid, nutrients, reaction (pH) and buffer mixtures, together with 
variation of temperature of incubation on growth and gas production 
from lactose by members of the colon-aerogenes group of bacteria2 • As a 
result of these investigations a medium was developed which may be use-
ful for the selective isolation of members of the genus Escherichia. 
The medium had the following composition: 
Proteose peptone (Difeo) 
Lactose 
10 grams 
K2HP04 (anhydrous) 
KH2P04 
Boric acid 
Andrade indicator 
Distilled water 
5 
12.203 
4.085 
3.250 
10 cc. 
1000 cc. 
" 
" 
" 
" 
The medium was heated to dissolve the ingredients, tubed in Durham 
tubes and sterilized at 15 pounds steam pressure for 15 minutes. The 
inoculum consisted of a 1.5 mm. loopful of 24 hour nutrient broth culture 
of the test organism. 
Of 227 strains of the genus Escherichia observed, 220 cultures (96.9 
per cent) grew luxuriantly in the medium maintained at 42.5°-43.5° C. 
for 48 hours whereas among 305 strains of the genus .Aerobacter only 59 
cultures (19.4 per cent) showed visible growth and of 99 strains of the 
genus Citrobacter investigated, 28 cultures (28.3 per cent) showed visible 
growth in the medium held at 42.5°-43.5° C. (temperature of the medium) 
for 48 hours. 
Of 227 cultures of the genus Escherichia, 96.5 per cent (219 strains) 
produced gas in the medium whereas none of the 305 strains of the genus 
Aerobacter and only 4 strains of the genus Citrobacter were able to pro-
duce gas when the medium was maintained at 42.5°-43.5° C. for 48 hours. 
Throughout the course of the foregoing investigations pure cultures 
of the colon-aerogenes bacteria were used. Practical application of the 
above medium for the isolation of members of the genus Escherichia and 
the exclusion of members of the genera Aerobacter and Citrobacter which 
might be present in water, milk and other food products, will necessitate 
studies on modifications of the above boric acid medium which will adapt 
it to the purpose in view. 
Hexamine lactose peptone water (Wilson, 1933) was not found suit-
able as a medium for the growth of members of the genus Escherichia 
1 Original thesis submitted March, 1935. 
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and the exclusion or inhibition of strains of the genera Aerobacter and 
Citrobacter. 
Pure cultures of the genus Escherichia grew well in hexamine lactose 
broth. Of 180 strains of the genus Escherichia observed, 175 strains 
(97.2 per cent) produced visible growth in hexamine lactose broth incu-
bated at 37° C. for 48 hours when light inoculations were made from 
young agar slant cultures. When heavy inoculations were made visible 
growth was developed by all of the strains of the genus Escherichia 
studied. 
Many strains of the genera Aerobacter and Citrobacter grew in the 
presence of hexamine. Of 235 strains of the genus Aerobacter observed, 
166 cultures (70.6 per cent) produced visible growth in the hexamine 
medium and 48 strains (81.4 per cent) of 59 cultures of the genus Citro-
bacter produced gas in the hexamine medium. Heavy inoculations from 
young agar slant cultures did not induce visible growth of those strains of 
the genera Aerobacter and Citrobacter which did not produce visible 
growth in the hexamine broth when light inoculations were used. 
Telluric acid lactose peptone bile salt broth (Chalmers, 1934) was 
not found to be a satisfactory medium for the growth of members of the 
genus Escherichia. 
Of 25 strains of the genus Escherichia observed only 3 strains were 
able to grow and produce gas in the telluric acid medium held at 37° C. 
for 4 days. Among 25 strains of the genus Citrobacter, only three cultures 
were able to grow and produce gas and none of the 25 strains of the genus 
Aerobacter produced visible turbidity in the telluric acid broth main-
tained at 37° C. for 4 days. 
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The literature of the effects of chemical treatments which silk under-
goes in fabrication and use, including oxidation, reduction, and degrada-
tion by acid, alkali, salt, and steam, has been reviewed. The work reported 
by this thesis is a quantitative study of the effect of oxidizing and reducing 
agents, concentrated acid and alkali, salt, and steam upon silk fibroin and 
the effect of oxidizing and reducing agents, dilute and concentrated acid 
and alkali, and steam upon wild silk fibroin as measured by the weight, 
nitrogen, and mechanical failure of the residual fibroin. 
Silk and wild silk fibroin have been oxidized for ten hours at 40° C. by 
2.1800 N and 4.3601 N hydrogen peroxide, 0.2350 N hypochlorous acid, 
and 0.0710 N potassium permanganate in neutral solution. The degrada-
tion effected increased with increasing concentration, fibroin being more 
sensitive to oxidative degradation than wild silk fibroin. At a given con-
centration, degradation by potassium permanganate has been shown to be 
a linear function of the volume of this oxidizing agent. 
Silk and wild silk fibroin have been treated for ten hours at 40°C. 
with 0.1844 N sodium hydrosulfite in acetic acid solution. The slightly 
different values obtained for the fibroin after this treatment are within the 
limits of experimental error. 
Wild silk fibroin has been subjected to hydrolysis for ten hours at 
40°C. by 0.4977 N, 1.0263 N, 1.2264 N, and 2.1216 N hydrochloric acid, and 
for one hour at 100°C. by 0.0304 N, 0.1019 N, and 0.1950 N hydrochloric 
acid. The resulting degradation has been shown to increase with increas-
ing concentration of acid, the weight and nitrogen of the residual fibroin 
being logarithmic functions, y = ax\ of the concentration of the acid. 
Acid degradation of silk and wild silk fibroin tends to leave a residue 
richer in nitrogen than the original fibroin. Wild silk has been shown 
much more stable than silk to degradation by acid. An increase in tem-
perature has been shown to increase this degradation. Silk and wild silk 
fibroin have been treated with hydrochloric acid, sp. gr. 1.145, at 15°C. 
for thirty seconds. Silk fibroin was much shrunk and gelatinized, although 
the appearance of wild silk was little affected. 
Wild silk was subjected to 0.3256 N, 0.4169 N, 0.5641 N, and 0.9863 N 
sodium hydroxide for ten hours at 25°C., to 0.2197 N, 0.5641 N, and 0.9863 
N sodium hydroxide for ten hours at 40°C. and to 0.0452 N and 0.0969 N 
sodium hydroxide for one hour at 100°C. Degradation of wild silk by 
dilute alkali has been shown to increase with increasing concentration of 
hydrolytic agent, the weight and nitrogen of the residual fibroin being 
logarithmic functions, y = axb, of the concentration. Increasing tempera-
ture has been shown to increase this degradation. Wild silk has been 
1 Original thesis submitted June, 1935. 
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shown to resist decomposition by alkali better than silk fibroin. Unlike 
the alkaline degradation of silk, alkaline degradation of wild silk tends 
to leave a residue richer in nitrogen than the original fibroin or the 
residue from acid degradation. Silk and wild silk fibroin have been 
treated with acid sodium hydroxide, sp. gr. 1.410, at 15°C. for five minutes. 
Fibroin became transparent during the period of treatment, but its orig-
inal appearance was restored upon washing. Wild silk fibroin has been 
shown more resistant than silk fibroin to the action of concentrated alkali. 
Silk fibroin subjected to 0.4977 N sodium chloride at 25°C. and 40°C. 
for ten hours has been shown unchanged. Silk fibroin treated for ten 
hours at 40°C. with 0.1504 N, 0.2495 N, 0.3463 N, and 0.4977 N sodium 
chloride and dried without rinsing for a year has been shown unchanged. 
Treatment for one hour at 100°C. with 0.0604 N and 0.7149 N sodium 
chloride caused no appreciable loss in weight, nitrogen, or mechanical 
performance. 
Fabrics of silk and wild silk fibroin have been steamed for one hour 
at 15, 30, 45, 60, and 75 pounds pressure, and for one-half, one, two, three 
and five hours at 60 pounds pressure. The degradation has been shown 
to increase with increasing time or pressure. Wild silk fibroin has been 
shown much more sensitive than silk fibroin to degradation by steam. 
Mechanical failure of silk and wild silk upon treatment with oxidiz-
ing agents, acid, alkali, or steam, has been shown more rapid than loss in 
weight or nitrogen, indicating a breakdown of fibrous structure preceding 
formation of soluble decomposition products. 
STUDIES ON THE ACTION OF SUBLETHAL PERCENTAGES OF 
ILLUMINATING G.AS1 
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Accepted for publication June 12, 1935 
The purpose of this investigation was to study the effects of breathing 
a sublethal percentage of illuminating gas administered for about an hour 
daily. The experimental animal was the albino rat (Mus norvegicus al-
binus). Special study of the effects of the experimental treatment on re-
productive activity was made. 
The gas mixture circulating through the animal chamber of the 
respiratory apparatus in which the rats were kept during the experimental 
period contained 1.43 per cent illuminating gas. As the illuminating gas 
used contained 23.5 ± 0.086 per cent carbon monoxide, the rats in the 
experimental chamber breathed air containing about 0.34 per cent carbon 
monoxide. 
Certain changes in blood constituents were noted during the ex-
periment: 
Immediately following the experimental procedure, the blood of the 
rats was found to be from 60 to 70 per cent saturated with carbon monox-
ide. This saturation dropped to 30 per cent at the end of a half hour 
recovery period in air. It dropped to 20 per cent at the end of an hour, and 
to 15 per cent at the end of an hour and a half. Twenty-four hours later 
the blood of the rats contained from zero to five per cent carbon monoxide. 
This rapid rate of dissociation of the carbon monoxide hemoglobin may 
be explained on the basis of the comparatively low affinity of rat hemo-
globin for carbon monoxide as compared to that for oxygen (1). 
The animals breathing the 1.43 per cent illuminating gas mixture 
showed an increased hemoglobin percentage and red cell volume per-
centage. The average hemoglobin of all the rats subjected to the experi-
mental procedure was 16.6 -+- 0.43 grams per cent at 150 days. The 
average hemoglobin of the control rats at the same age was 14 -+- 0.07 grams 
per cent. The highest hemoglobin value found was 25.25 grams per cent. 
This was in a female rat. The highest value found among the male rats 
was 21 grams per cent of hemoglobin. Among a small group of rats with 
hemoglobins above normal in response to the experimental procedure, 
simultaneous hemoglobin and red cell volume determinations showed the 
average hemoglobin to be 19.9 grams per 100 cubic centimeters of blood, 
and the average red cell volume percentage to be 75. The color volume 
index obtained from these data showed no change from the normal. 
Animals subjected to the experimental procedure over a very long 
interval showed a slightly increased fragility of the red blood cells. 
The experimental male rats weighed significantly less than normal. 
Comparisons showed a mean difference of 16 ± 2.5 grams body weight at 
50 days, 56.7-+- 2.7 grams at 100 days, and 24-+- 2.2 grams at 150 days of 
' Original thesis submitted December, 1934. 
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age. The gassed female rats weighed less than normal at 150 days of age, 
but not earlier. 
The experimental procedure as a whole affected the male rats more 
seriously than it did the female rats: female rats survived under treat-
ment which killed males. There is some evidence that this is true also 
of human beings (2). 
The sex difference in response to the experimental procedure is ex-
emplified further by I the effect upon the reproductive activity of the 
males and of the females: 
The sexual cycle was not interrupted in the female rats. Histological 
examination of the ovaries showed ovulation and corpora lutea formation 
to be taking place. Oestrus determinations made showed the oestrus 
cycle to be increased in length significantly, but not highly so. In one 
group of rats studied the length of the cycles increased from 4.74-+- 0.14 
days to 5.56 -+- 0.2 days. The value of the mean difference in this group 
was 0.82 -+- 0.23. 
Female rats which had been subjected to the experimental procedure 
for as long as four months gave birth to young. These young, with one 
exception, died within a few days of birth. The exception was the one 
survivor of a litter of ten borne by a female which had been gassed for 
four months. It was the only rat born of parents, either of which had 
been gassed, that survived to weaning age. 
As the duration of the experimental period became more extended, 
the condition of the female rats grew progressively worse, and it was 
found that female rats gassed for nine months did not bear litters. 
Table 1 summarizes the history of the litters born to the gassed female 
rats. The male parent rats were untreated controls. 
TABLE 1. 
Showing the mortality of the young born to gassed female rats 
Litter Number alive at end of Age (days) of 
Mother size 2 hours 24 hours 48 hours last survivor 
\? 1 6 0 0 0 0 
\? 1 4 3 3 1 3 
\? 1 4 3 1 1 2 
\? 1 ? No data recorded; litter did not survive 
\? 3 3 3 0 0 1 
\? 3 5 5 2 0 2 
\? 5 7 4 1 0 2 
\? 5 2? 0 0 0 0 
\? 7 10 10 8 2 24* 
\? 9 8 8 1 0 2 
\? 11 6 6 2 2 3 
\? 13 1 1 0 0 1 
\? 13 Pregnant when killed; five foeti found. 
* Lone surviving rat killed at weaning age; its last surviving litter mate died at 
17 days. 
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In certain of the cases, the young born were immature, and grossly 
abnormal. The statement is made in the Journal of the American Medical 
Association (3) that illuminating gas poisoning may cause abortion. 
Male rats lost the ability to procreate in a much shorter interval of 
experimental procedure. During the entire series of experiments, in 
which accurate records were kept of twelve males subjected to daily ex-
posures to 1.43 per cent illuminating gas, only two males gave rise to 
young. None of these offspring survived. 
One male rat, gassed a total period of two to three hours only, im-
pregnated two females, each of which bore a litter which survived only 
a few days. A second male rat, gassed for a total of twenty-three hours, 
impregnated a female. The litter was born, but none of the young were 
seen. The other ten males subjected to the experimental procedure pro-
duced no offspring, in spite of being kept continuously with normal fe-
males which had borne litters. 
In the gassed rats examined, no motile spermatozoa were found, with 
the exception that very slight motility was observed among the sperma-
tozoa taken from that male which impregnated a female after twenty-three 
hours of experimental treatment. Weights of the testes of the gassed rats 
were found to be only one-third normal. 
In connection with the results obtained upon the gassed male rats, it 
is of interest to note comments of McCombs (4) and Rossiter (5) which 
indicate that carbon monoxide poisoning in men has an effect similar to 
that observed in the male rats. 
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The propionic acid bacteria under anaerobic conditions produce pro-
pionic acid, acetic acid, C02, succinic acid, a non-reducing material, and 
under certain conditions lactic acid from glucose. The primary purpose 
of this investigation was to extend our knowledge of the mechanism of 
the dissimilation of glucose by the propionic acid bacteria. To accomplish 
such a purpose it is essential to have not only accurate knowledge of the 
quantities of end-products of fermentation, but it is also necessary to have 
information concerning the intermediate cdmpounds which are involved 
in the steps leading to the final conversion products. 
At the time of initiation of this investigation the following facts had 
been established concerning the identity of intermediate compounds oc-
curring in this dissimilation. Virtanen and Karstrom (1931) had isolated 
a hexose-monophosphate, and Foote, Fred and Peterson (1930) had re-
ported the production of lactic acid as an end-product of fermentation. 
Foote et. al. did not state that they considered the lactic acid to be an 
intermediate product, although Virtanen (1923) (1925) upon theoretical 
considerations had arrived at this conclusion in the case of glucose dis-
similation. Van Niel (1928) as the result of careful work proposed 
schemes to account for the dissimilation of lactic acid and glucose; how-
ever, none of the intermediate compounds was identified or detected. 
Since the initiation of this investigation Fromageot and Tatum (1933), 
using the two cultures which produced lactic acid in the experiments of 
Foote, et. al., have demonstrated the formation of lactic acid and included 
it in their schemes. Pett and Wynne (1933) isolated methylglyoxal. 
Intermediate compounds have been isolated or detected in this in-
vestigation using the following methods: (a) By demonstrating quan-
titatively correlated increases and subsequent decreases of certain com-
pounds by analyses made intermittently on fermentations during the 
course of the dissimilation. (b) By varying the conditions of the fer-
mentation, thus causing an accumulation of compounds previously not 
found to occur as end-products. (c) By fixing with NaHS03, CaS03 or 
dimedon ( dimethyl-dihydro-resorcinol) aldehydes and ketones produced 
intermediately during the dissimilation. These methods have led to ob-
servations which support the conclusion that the following compounds 
occur intermediately in fermentations by the propionic acid bacteria: 
(1) a a non-reducing material, (2) b lactic acid, (3) 0 propionaldehyde, 
( 4) c pyruvic acid, ( 5) a acetic acid, (6) a succinic acid. (Subscript desig-
nates the method used in detecting or isolating compound.) 
The literature is confusing with regard to the method of formation 
of succinic acid. Van Niel concluded that succinic acid is not of carbo-
hydrate origin, but is formed from compounds of the yeast extract which 
1 Original thesis submitted December, 1934. 
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was used a sa source of nitrogen in the medium. Virtanen and Foote, et al. 
report that the succinic acid is of carbohydrate origin and Virtanen 
(1923) (1925) proposes that it is formed by a 4- and 2- carbon cleavage. 
C5H 120 6-')COOH . CH2 . CH2 . COOH + CH3CHO + H20 
Wood and Werkman (1934a) pointed out that Virtanen's results can not 
be considered complete since acetaldehyde or its conversion product is 
not accounted for. 
In order to extend our knowledge regarding these problems and to 
obtain evidence for use in constructing a scheme of fermentation the 
products of propionic acid fermentation were determined quantitatively 
and carbon and oxidation-reduction balances calculated to check the 
accuracy of the determinations. Fermentations substantially different 
from those described in the literature were obtained in media containing 
CaCOa buffer. The results varied markedly with the culture used. The 
ratio of propionic acid to acetic acid varied from 1.78 to 14.67, the ratio of 
C02 to acetic acid from 0.93 to 6.26 and the succinic acid ranged from 4.1 
per cent to 18.2 per cent of the carbon of the fermented sugar. The 
schemes which have been suggested thus far are not adequate to meet 
the requirements of these data. The results, however, give satisfactory 
carbon and oxidation-reduction balances, and the purity of the cultures 
producing the fermentations was established. 
Generally the schemes of glucose dissimilation represent the hexose 
chain as being split into two 3- carbon molecules. The 4- and 2- carbon 
cleavage of Virtanen is an exception. The 3- carbon scheme requires that 
every 2- carbon product be accompanied by a 1- carbon compound. The 
large excess of C02 compared to acetic acid which was produced in cer-
tain fermentations suggests the occurrence of a 2- carbon intermediate 
compound which by synthesis is converted to a compound of a higher 
number of carbon atoms. Succinic acid may originate by such a synthesis 
from acetic acid. 
2 CH3COOH-')COOH. CH2 • CH2 . COOH + 2 H 
The established intermediate behavior of acetic acid supports such a pro-
posal. In this case for each molecule of succinic acid produced two mole-
cules of C02 or some other 1- carbon compound will be formed. In certain 
fermentations the established quantities are greater and in other cases 
less than the C02 required by this hypothesis. The occurrence of C02 in 
quantities greater than can be accounted for by the formation of succinic 
acid through a synthesis from acetic acid indicates there is another source 
of C02. This C02 may originate in the formation of propionic acid; a 
decarboxylation of succinic acid would satisfy such a scheme. The pro-
posal is supported by the fact that succinic acid has been found to act 
as an intermediate compound. The yields of C02 which are less than the 
calculated amounts when succinic acid is assumed to be formed by a 
synthesis may be accounted for by incorporation of the 4- and 2- carbon 
cleavage of Virtanen, thus forming succinic acid without directly involv-
ing a 1- carbon compound. 
A scheme of glucose dissimilation based upon the foregoing pro-
posals has been formulated. It includes the following conversions: (1) the 
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4- and 2- carbon cleavage of the glucose molecule as suggested by Vir-
tanen, (2) the role of pyruvic as suggested by Van Niel and substantiated 
by Wood and Werkman (1934b), (3) the intermediate occurrence of pro-
pionaldehyde, (Wood and Werkman, 1934c), (4) a non-reducing com-
pound, (5) the synthesis of succinic acid from acetic acid and (6) the 
decomposition of succinic acid to C02 and propionic acid. Evidence is 
presented, also, in support of the intermediate occurrence of methyl-
glyoxal, alpha-hydroxy-propionaldehyde, and lactic acid. The scheme is 
substantiated by the fact that it utilizes intermediate products which with 
the exception of alpha-hydroxy-propionaldehyde have been established 
in the propionic acid fermentation. Substitution into the scheme of 
observed values of end-products also proves that it meets the require-
ments of the quantitative data. 
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